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ABSTRAOT
- - 'I'':
' S
- A
O p tica l s tu d ie s  on the e tc h in g  o f  q u a r tz  c r y s ta ls  
(Both n a tu r a l  and s y n th e tic )  w ith  th e  s o lu t io n  and fu s io n  o f 
sodium H ydroxide, employing s e n s i t iv e  O p tic a l and I n te r f e r e -  
m e tric  tech n iq u es are  d e sc rib ed  in  t h i s  work. S im ila r  s tu d ie s  
have a lso  been made on the  e tc h in g  o f o p t ic a l  g la s s e s  w ith  HP 
Aoid Vapour and o f fu sed  s i l i c a  w ith  b o th  NaOH and HP ac id  
vapour. The th e s is  com prises o f th re e  p a r t s .  ^
I t  b eg in s  w ith  a h i s t o r i c a l  review  o f the  e tc h - f ig u re s  ’ ’ 
ob ta ined  on c r y s ta l  fa c e s  and t h e i r  th e o r e t ic a l  i n te r p r e ta t io n .  , 
The views o f a la rg e  number o f in v e s t ig a to r s  in  connection  w ith  ^ 
the mechanism o f e tch in g  have a lso  been d isc u sse d . A ll the 
experim en ta l and m icroscopic techn iques a re  d esc rib ed  in  
Chapter 2. •
In  P a r t  I I  i s  g iven  a g en e ra l in tro d u c tio n  re g a rd in g  
the  s tu d ie s  o f the  n a tu r a l  and e tched  fa c e s  o f Quartz c r y s t a l s ,  
w ith  s p e c ia l  re fe re n ce  to  the  a r t i f i c i a l l y  e tched  q u a rtz  w ith  
HP ao id  and a lk a lin e  s o lu t io n s ,  used to  i n f e r  i t s  p robab le  
symmetry and a lso  to  determ ine i t s  e l e c t r i c  axes. However, in  
the p re se n t  in v e s t ig a t io n s  an a ttem pt i s  made n o t only to  
i n t e i ^ r e t  i t s  symmetry from the  e tc h - f ig u re s  on the d i f f e r e n t  
fa c e s  o f th e  two types o f c r y s ta l s ,  b u t to  u n fo ld  some o f th e  
m y ste rie s  of the growth mechanism. A qu ick  method o f d e te r ­
mining i t s  e l e c t r i c  axes has a lso  been suggested . Almost 
in v a r ia b ly  the  i n i t i a l  chem ical a t ta c k  ta k e s  p lace  a t  p a r t i c u l a r
: T
1
s i t e s  whereas in  the  advanced s ta g e s  o f e tc h in g  the  whole tn!Isu rface  i s  f i l l e d  w ith  e t c h - p i t s .  The c ry s ta llo g ra p h y  o f such 
p a r t i c u la r  re g io n s  o f h igh  chem ical p o te n t i a l  i s  s tu d ied  by 
e tch in g  the c r y s t a l s  under d i f f e r e n t  c o n d itio n s . j
I t  seems th a t  the i n i t i a t i o n  o f an e tc h - p i t  and i t s  
subsequent development i s  governed by the p h y s ic a l  c h a ra c te r  o f 
the su rfa c e . Thus i t  has been amply shown in  c h a p te rs  5* 6 and 
7 th a t  e tc h in g  ta k e s  p lace  p r e f e r e n t i a l ly  on th e  weak sp o ts  
such as s t r a in e d  p a r t s ,  s ta c k in g  f a u l t s ,  s l i p  bands and g ra in  
boundaries e t c .  Not a l l  tw in  boundaries r e s i s t  e tc h in g  as 
p re v io u s ly  supposed. In  a d d it io n , the growth c e n tr e s ,  the  
edges o f the  growth sh e e ts , su rfa ce  i r r e g ip .a r i t i e s  and imper­
fe c t io n s  a re  th e  most p robab le  s i t e s  f o r  th e  f i r s t  a t ta c h  o f 
the  e tc h a n t. I t  i s  suggested  th a t  the deep est p i t s  a re  s i tu a te d
I
a t  p la c e s  o f im p erfec tio n s  and shallow  ones on the  reg io n s  f r e e  !
frcmj such f la w s . E tch  channels a re  formed by the in te rg ro w th
o f a nunft)er o f p i t s .  The su rfa c e  along  such d ire c t io n s  seems -I
1^
to  be a m is f i t  a rea  due to  the  p resence o f  v ic in a l  p la n e s . ^
In  c h a p te r  8 the c h a ra c te r  o f th e  s t r i a t i o n s  on the  ÿj 
prism  fa c e s  o f q u a rtz  i s  d isc u sse d . The e tc h in g  o f such prism  S i
 ^ I
fa c e s  has helped  co n sid erab ly  in  u n d erstan d in g  the r e a l  n a tu re  
o f s t r i a t i o n s .  The o r ig in  o f th e se  s t r i a t i o n s  has been 
suggested on th e  b a s is  of the proposed growth mechanism th a t  
q u artz  grows by a c c re tio n  o f la y e r s  p a r a l l e l  to  the rhombo-I
h ed ra l p la n e s . The r e c t i l i n e a r  p a t te r n  on the  R -faces o f one
c r y s ta l  and s l i p  bands on two o f th e  r - f a c e s  o f th e  same c r y s ta l  
revëcaed by th e  p r e f e r e n t ia l  e tc h in g  along them, have been 
d iscussed  in  C hapter 5 In the l i g h t  o f the  proposed growth 
mechanism*
In  P a r t  I I I ,  the e tc h in g  of te n  o p t ic a l  g la s s e s  o f 
known com position , f i r e - p o l is h e d  and m echan ica lly  p o lish e d  p l a t e -  
g la s s  and fu sed  S i l i c a  i s  described#  The chem ical a c tio n  o f HP 
a c id  on S i l i c a  which i s  an im portan t c o n s t i tu e n t  o f O p tica l g la s s  
determ ines th e  etching* The e tc h in g  experim ents on g la s s  
d esc rib ed  in  the  C hapters 10 and 11, have been c a r r ie d  out under 
th re e  head in g s:
1* To make a com parative study  o f the  dep th  o f e tc h in g .
2* To re v e a l  the e x is te n c e  o f a su rface  la y e r  in  f i r e -  
p o lish e d  and m echan ica lly  p o lish e d  g la s s .
3. To re v e a l  the  su rface  cracks a s so c ia te d  w ith  the s o -c a l le d  
G r i f f i t h  c racks w hich a re  o rd in a r i ly  in v is ib le .
In  a d d itio n  evidence i s  produced to  show the  e x is te n c e  
o f a p o l is h  la y e r  by the hardness t e s t s  c a r r ie d  out on f i r e -  
p o lish e d  and m echanically  p o lish e d  g la s s  su r fa c e s . This study  
has a lso  proved th a t  the  o p t ic a l  g la s s  i s  su b je c t  to  p l a s t i c  
deform ation  under s t a t i c  in d en ta tio n s*
In  C hapter 12 the  e tc h in g  o f fu sed  S i l i c a  w ith  NaOH 
and HP a c id  i s  d iscu ssed . Fused S i l i c a  w ith  weak cohesive 
fo rc e s  e tc h e s  re a d i ly  in  c o n p a riso n .to  c r y s ta l l in e  s i l i c a .  The 
hem ispherica l p i t s  thus abundantly  re v e a l the  iso tro p y  o f th e  
m a te r ia l . 1
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CHAPTER I .
OP THE DEVEJiOPIÆRT OP THE ETCH-METHQ^. O'
The f i r s t  s c i e n t i f i c  a p p l i c a t io n  o f th e  etch-m ettiod  
seems to  have been  made by  W idm annstatten  i n  1808, who 
ob served  th a t  th e  c h a r a c t e r i s t i c  m ark ings may be o b ta in e d  on
-.I
p o lis h e d  fa c e s  o f  m e te o r i te s  th ro u g h  th e  c o r ro s iv e  a c t io n  o f  i
a c id s  and th a t  th e  e tc h in g  so p roduced  i s  d e f i n i t e l y  r e l a t e d
■
to  th e  m o lecu la r s t r u c tu r e  o f  th e  m e te o ric  i r o n .  The r e s u l t s ,  
o f  e x p e rim e n ta l work on m e teo ric  i r o n  from B r a z i l  were 
p u b lish e d  \yy W oolaston (1816); b u t  to  D a n ie l l  (1816) we owe
th e  f i r s t  a p p l ic a t io n  o f  th e  e tch -m ethod  to  th e  c r y s t a l  f a c e .
/
S ince  th e n , a la rg e  number o f  in v e s t ig a to r s  have a p p lie d  th e se  
methods to  c r y s t a l  f a c e s .  Thus Moh (1824) p o in te d  o u t th e  
d i f f e r e n t i a l  s o lu t io n  p a t t e r n s  e x h ib i te d  by rock  s a l t  when 
k e p t in  daizp a tm o ^ h e re .  B re w s te r , in  1837, a s  a  r e s u l t  o f  
o b s e rv a tio n s  on th e  e tc h in g  o f  B r a z i l i a n  to p a z , f i r s t  c a l l e d  
a t t e n t i o n  to  th e  s o - c a l le d  ”L ic h t  f ig u re n "  w hich have 
su b seq u en tly  been in v e s t ig a te d  by a number o f w o rk e rs .
L ey d o lt (1854), a s  a r e s u l t  o f  e tc h in g  o f  rhcmSbohedral f a c e s  
o f  q u a r tz  c r y s t a l s  a r r iv e d  a t  th e  c o n c lu s io n  t h a t  th e  shape o f , 
th e  e tc h in g  i s  d i r e c t l y  r e l a t e d  to  th e  c r y s t a l  m o lecu le , b u t  
l a t e r  in v e s t ig a t io n s  by Von Kobe 11 in  1862 and by H anshofer in  
1865, have , how ever, shown t h a t  no such d e f in i t e  r e l a t i o n  
e x i s t s .
S ince  th en  th e re  co n tin u e d  an e v e r  in c re a s in g
I n t e r e s t  in  the  e tc h in g  o f  c r y s t a l s ,  as  ev id en ced  by th e  
number and c h a ra c te r  o f th e  p u b l ic a t io n s ,  m ain ly  by German 
S c i e n t i s t s ,  d u rin g  th e  l a s t  fo u r  decades o f  th e  n in e te e n th  
c e n tu ry . The n o ta b le  c o n t r ib u t io n s  made to  th e  th e o ry  and 
a p p l ic a t io n  o f th e  e tch -m ethod  a re  due to  Baumhauer (1889),
Traube (1896), V io la  (1894, 1897, 1899), W ulff (1894), V a te r  
(1898), W alker (1898-99), and Beckenhamp (1900). The g e n e ra l  
c o n te n ts  o f  th e se  p a p e rs  com prise a t h e o r e t i c a l  s tu d y  o f  th e  ^
e tc h - f ig u r e s  o b ta in e d  on many o f th e  common m in e ra ls .  Such [
to p ic s  a s te r is m , th e  im portance o f  th e  e t c h - f ig u r e s  in  i s o ­
morphism; d i f f e r e n t i a l  s o lu t io n  a s  e x l i ib i te d  by  n a tu r a l  c r y s t a l s  
and ground sp h e re s , ancmjalous e tc h in g s ,  th e  r e l a t i o n  o f  th e  
e to h - f ig u r e s  to  th e  c r y s t a l l i n e  m o le c u le , th e  c o n d it io n s  '
c o n t r o l l in g  th e  developm ent o f  e t c h - f ig u r e s ,  and t h e i r  r e l a t i o n  
to  th e  symmetry o f  th e  c r y s t a l  a re  d is c u s se d  by Baumhauer. A 
com parative  s tu d y  o f  e t c h - f ig u r e s  o f  th e  Am phiboles by Daly 
(1898- 99) b r in g s  to  a c lo se  th e  v a s t  l i t e r a t u r e  on e t c h - f ig u r e s ,  
p r i o r  to  1900.
S ince t h a t  d a te ,  a l i v e l y  i n t e r e s t  has b een  ev in ced  
in  th e  e tc h in g  o f  c r y s t a l s  and im p o rta n t c o n t r ib u t io n s  have 
been  made by su ch  in v e s t ig a to r s  as  G oldschm it, W rig h t, Ko H e r ,  
McNaim and o th e r s ,  who have c a l l e d  a t t e n t io n  to  th e  new 
p o s s i b i l i t i e s  eupising from g o n io rae tr ic  and p r o je c t io n  s tu d ie s  
o f  th e  e t c h - f ig u r e s .  The d isc o v e ry  and th e  developm ent o f  th e  ' f  
X -ray  a n a ly s is  o f  c r y s t a l  s t r u c tu r e  c r e a te d  f u r t h e r  i n t e r e s t  i n
th e  m ethods o f e tc h in g . The u n c e r t a in t i e s  re g a rd in g  th e  t r u e  
m o lecu la r arrangem ent w i th in  a c r y s t a l  to  de term ine  th e  c r y s t a l  
symmetry cou ld  sometimes be s a t i s f a c t o r i l y  e x p la in e d  and 
dec ided  by th e  e tc h  m ethod. The e x te n s iv e  and e v e r  grow ing 
l i t e r a t u r e  o f  th e  method o f  e tc h in g  a s  a p p lie d  to  o b ta in  a 
more e x a c t knowledge o f  v a r io u s  a s p e c ts  o f  c r y s t a l  symmetry i s  
an ev id en ce  o f  th e  in ^ o r tan ce  o f  t h i s  te ch n iq u e  as  a means o f  
o ry s ta l lo g ra p h io  r e s e a r c h .  Among th e se  p u b l ic a t io n s  th e re  
a ls o  have ap p ea red , from tim e to  t im e , p a p e rs  w hich have been  
devo ted  to  th e  s tudy  o f  e t c h - f ig u r e s  th em se lv es  r a th e r  th a n  to  
t h e i r  secondary  a p p l ic a t io n s .  In  s p i t e  o f t h i s  v a s t  l i t e r a t u r e ,  
th e  mechanism o f  th e  i n i t i a t i o n  and th e  grow th o f  e tc h - f ig u r e s  
have n o t y e t  been  f u l l y  e x p la in e d .
A le a d e r  in  th e  group o f  in v e s t ig a to r s  who have 
devo ted  th em se lv es  to  t h i s  phase  o f  th e  s u b je c t  i s  G oldschm it.
He p roposed  a new th e o ry  f o r  th e  fo rm a tio n  o f  th e  e tc h - f ig u r e s  
(1904). A ccord ing  to  him , b o th  e to h - p i t s  and e tc h - h i l lo c k s  
a re  th e  r e s u l t  o f  th e  movements developed  in  th e  s o lv e n t .  The 
chem ical a c t io n  betw een th e  c o r ro s iv e  and th e  su b stan ce  upon 
w hich i t  i s  a c t in g  g iv e s  r i s e  to  c u r r e n t s ,  some o f  w hich a re  
d i r e c te d  tow ards and some away from  th e  su r fa c e  w hich i s  b e in g  
e tc h e d . The in te r f e r e n c e  o f  th e  ascen d in g  w ith  th e  d escen d in g  
c u r r e n ts  te n d s  to  form e d d ie s ,  each  o f  w hich i s  a s t a r t i n g  
p o in t  o f  a  p i t .  The tendency  o f  any s o lv e n t  would be th e n  to  
produce a r e g u la r  and h e m isp h e ric a l e x c a v a tio n , b u t  t h i s  i s
o f f s e t  by th e  fo rc e  o f  c r y s t a l l i z a t i o n ,  w hich  c o n s ta n t ly  
endeavours to  keep th e  co rro d ed  s u r f a c e s  bounded by c r y s t a l  
p la n e s .  The r e s u l t a n t  o f  th e se  opposing  te n d e n c ie s  i s  a 
ty p ic a l  e t c h - p i t ,  whose s id e s  a re  n e i th e r  w ho lly  i r r e g u l a r ,  -
n o r p la n e  c r y s t a l  f a c e s ,  b u t as  a com prom ise, p la n e s  o f  s im i la r  
n a tu re  to  v i c in a l  fa o c s  a p p e a r. . F u r th e r  he su g g e s ts  t h a t ,
(1 ) th e  e to h - p i t s  a re  lo c a te d  a t  th e  p la c e s  where 
th e  c u r r e n ts  s t a r t  i n  c o r ro s iv e .
(2) p r e f e r e n t i a l  e tc h in g  tsOces p la c e  a lo n g  th e  
f in e  s c r a tc h e s .
(3) sm all p a r t i c l e s  o f  d u s t  on th e  su b s tan ce  
p ro v id e  th e  c o r ro s iv e  w ith  th e  p o in t s  o f  
f i r s t  a t t a c k .
(4 ) th e  bunching o f th e  e t o h - p i t s  ta k e s  p la c e  on
th e  s t r a in e d  p a r t s  o f  th e  c r y s t a l  and '
(5 ) th e  p re se n ce  o f  in c lu s io n  o r  im p u r i t ie s  a re
l i k e l y  to  be th e  s t a r t i n g  p o in t  o f  e tc h in g .
At f i r s t  s i g h t ,  th e  e x p la n a tio n  o f  th e  phenomenon
o f  e tc h in g  o f fe re d  by t h i s  th e o ry  seemed q u i te  ad eq u a te .
McNaim (1915) d ev ised  s p e c ia l  m ethods o f  in v e s t ig a t io n  to  
check th e  r e s u l t s  o f  G oldschm idt and f u r t h e r  to  observe th e  
o r ig in  and subsequen t s ta g e s  in  th e  grow th o f  th e  p i t .  H is 
o b se rv a tio n s  w hich a re  n o t  in  harmony w ith  th o se  o f  G oldschm idt 
a re  a s
(1 ) The c h a r a c t e r i s t i c  co n ro s io n  was o b ta in e d  even
when th e  coin?o8lv e ‘ was’ v ig o ro u s ly  shaken .
The c u r r e n ts  r e f e r r e d  to  "by 'G oldschm id t were 
avo ided  hy  keep ing  th e  s o lu t io n  in  c o n s ta n t  
a g i t a t i o n .  F u r th e r ,  he showed t h a t  by- 
d i r e c t i n g  a j e t  o f  e tc h a n t  a g a in s t  a c r y s t a l  
f a c e ,  no p r e f e r e n t i a l  e tc h in g  took  p la c e .
(2) S e v e ra l specim ens co v ered  w ith  th e  d u s t  were 
e tc h e d , b u t  in  no case  was th e re  any in c re a s e  
in  th e  number o f  p i t s  o r  c o n c e n tra t io n  on t h a t  
p a r t  o f th e  su rfa c e  w here a g r e a te r  amount o f  
d u s t had c o l l e c te d .
(3) A number o f  t h i n  s l i c e s  from  c r y s t a l s  w hich 
showed a h ig h  c o n c e n tra t io n  o f  p i t s ,  f a i l e d  
to  g iv e  irregulEUP e x t in c t io n  u n d er c ro s s e d  
n i ç o i s ,  w hich i s  to  be  e x p e c ted  in  s t r a in e d  
c r y s t a l s .
(4) S e v e ra l specim ens marked w ith  f in e  s c ra tc h e s  
were e tc h e d , b u t  in s te a d  o f  th e  e t c h - f ig u r e s  
b e in g  more numerous o v e r th e  s c r a tc h e s ,  th e  
l a t t e r  w ere a t  once sm oothed away by th e  * 
c o r ro s iv e .
(5) I t  was found  th a t  th e  in c lu s io n s  were n o t  th e  
p o in ts  o f  s t a r t  f o r  th e  e t o h - p i t s .  The 
r e l a t i o n  betw een in c lu s io n s  and p i t s  i s  th u s  
n o t t h a t  o f  a cause and e f f e c t .  B oth th e
a b i l i t y  o f  a grow ing c r y s t a l  to  take" up 
im p u r i t ie s  from  th e  su rro u n d in g  s o lu t io n  
and th e  freq u en cy  o f  the o cc u rren c e  o f  
p o s s ib le  p o in ts  o f  a t ta c k  f o r  th e  c o r ro s iv e  
on th e  fa c e  o f  a n a tu r a l  c r y s t a l ,  depend 
upon th e  a b n o rm a li t ie s  in  i t s  c o h e s io n .
McNaim su g g es ted  t h a t  th e  l i n e s  o f  s e le c t iv e  
p i t t i n g  a re  a ls o  th e  l i n e s  o f  weak c o h e s io n , a s  f o r  example 
c leav ag e  p la n e s  a re  co rro d ed  much more s lo w ly  th a n  th o se  o f  
th e  low er d e g re e . I t  h a s  a ls o  been  n o te d  by W alker (1914) 
t h a t  when a c r y s t a l  i s  fu s e d , th e  r e s u l t a n t  amorphous su b s ta n c e  
has a lo w er s p e c i f ic  g r a v i ty ,  in d ic a t in g  t h a t  th e  m o lecu les^  
a re  f u r t h e r  a p a r t ,  and co n se q u e n tly  th e  co h es io n  i s  much l e s s .  
Such m a te r ia l  would th e n  o f f e r  l e s s  r e s i s t a n c e  to  th e  a t t a c k  
o f  s o lv e n t  th a n  th e  o r ig in a l  c r y s t a l .
An e x h a u s tiv e  accoun t o f  th e  e tc h  m ethods as  a p p lie d  
to  v a r io u s  c r y s t a l l i n e  s o l id s  has been  g iv e n  by H ow ss (1927). 
T h is  work shows b e a u t i f u l l y  how th e  n a tu re  o f  e tc h  p i t s  form ed ^
on v a r io u s  c r y s t a l  f a c e s  h e lp  to  id e n t i f y  th e  symmetry o f  th e
/
c r y s t a l .  I n  a d d i t io n  to  th e  w e ll  d e f in e d  e tc h  p i t s  w hich a re  
a u s e f u l  to o l  from th e  p o in t  o f  view o f  o ry s ta l lo g ra p h io  
r e s e a r c h ,  th e re  a re  form ed sh a llo w  d e p re s s io n s  w ith  i l l - d e f i n e d  
o u t l in e s  w hich may develop  l a t e r  in to  m ature p i t s .
The roo s t  obv ious f a c t  vhioh even  th e  s im p le s t  e tc h in g  
ex p e rim en ts  r e v e a l  i s  t h a t  th e  e tc h  p i t s  a re  n o t ev en ly
i
d i s t r i b u t e d  o r s c a t t e r e d  over th e  c r y s t a l  su rface*  P o s s ib le  
e x p la n a tio n s  f o r  t h i s  i r r e g u l a r i t y  in  th e  d e n s i ty  o f  e tc h  p i t s  
have been  o f fe re d  by  a number o f  i n v e s t i g a to r s .  These h av e , 
however, p roved  in a d e q u a te . I t  may be r e a l i s e d  t h a t  no 
s a t i s f a c to r y  e x p la n a tio n  o f  t h i s  d i f f e r e n c e  in  th e  d e n s i ty  o f  
e tc h  p i t s  can be g iv en  u n t i l  th e  more fundam en ta l problem  o f
• -t . '
th e  o r ig in  o f  an e tc h  p i t  i s  so lv e d . B e s id e s  t h i s ,  th e  o th e r
q u e s tio n s  whioh need f u r t h e r  e lu c id a t io n  a re  {
■ " *
(1) What k ind  o f  s u r fa c e  l im i t s  th e  e t o h - p i t s  a t  
d i f f e r e n t  s ta g e s  o f  t h e i r  grow th?
(2) How a re  th ey  r e l a t e d  to  th e  symmetry o f  th e  
c r y s ta l?
and (3) Why anomalous e tc h  p i t s  develop  in  c e r t a i n  c a se s?
The view s o f th e  fo llo w in g  in v e s t ig a to r s  in  t h i s  
r e s p e c t  a re  commendable. These a re  b a se d  e s s e n t i a l l y  on th e  
new co n cep t o f  l a t t i c e  d e f e c ts  -  d i s lo c a t io n s .
The e l a s t i c  s t r a i n  o f  th e  l a t t i c e  round th e  d i s lo c ­
a t io n  enhances th e  chem ica l p o t e n t i a l  w hich in  i t s  tu r n  j
f a c i l i t a t e s  th e  chem ica l a t t a c k .  The p re se n ce  o f  d i s lo c a t io n  
may enhance th e  e tc h in g ,  y e t  in  a n o th e r  way. Thus,' th e  
d i s lo c a t io n  accum ula tes im p u r i t ie s  in  s o l i d  s o lu t io n ,  w hich 
may p ro v id e  th e  fa v o u ra b le  s i t e  f o r  ch em ica l a t t a c k .  F o r ty  &
P rank  (1955) have g iv en  th e  fo llo w in g  i n t e r p r e t a t i o n  o f  e tc h
, -  : » ' - ■* 
p a t t e r n  on a lum in ium :- E to h  p i t  i s  p roâuced  on ly  where th e r e
i s  a p T C C ip ita tio n  o f  im p u r i t ie s  p r e s e n t  i n  th e  s u rfa c e  and
:8
t h a t  th e se  a re  lo c a te d  on d i s lo c a t io n s  w hich can  th e r e f o r e  be 
re g a rd e d  a s  an i n d i r e c t  cause- of. e tc h in g *  T hat an e tc h  p i t  : 
can be formed where a d i s lo c a t io n  m eets  a c r y s ta l lo g r a p h ic  
s u rfa c e  has been  d em o n stra ted  ad m irab ly  by Horn (1 9 5 2 ), Q evers , 
Am elinckx and D ekeyser (1952).
B es id e s  th e s e  d i r e c t  e v id e n c e s , Lacombé and 
Y annaquis (1947) found  t h a t  la rg e  g r a in  b o u n d a r ie s  i n  alum inium  
e to h  r a p id ly  and ap p ea r a s  g rooves on th e  su rface*  A ccord ing  
to  them a sm all an g le  g r a in  boundary  w hich i s  in d eed  due to  
a row o f  edge d i s lo c a t io n s  sh o u ld  ap p ear on e tc h in g  as  a row 
o f  d i s c r e e t  e tc h  p i t s .  R ecen tly  V ogel e t a l  (1953) found a 
s t r i k i n g  ev idence f o r  th e  d i s lo c a t io n  s t r u c tu r e  o f  sm a ll-a n g le  
b o u n d a r ie s  in  germanium. The sp ac in g  betw een th e  e to h  p i t s  
ag reed  w ith  th e  sp ac in g  c a lc u la te d  from th e  m easured d i f f e r e n c e  
in  o r i e n t a t i o n  o f  g r a in s  by X -ray s . These and o th e r  e v id e n c e , 
though i n d i r e c t ,  s t ro n g ly  fa v o u r tlie  id e a  t h a t  a d i s lo c a t io n  
i s  a p ro b a b le  s i t e  f o r  an e tc h  p i t .
X -ray d i f f r a c t i o n  s tu d ie s  and a ls o  th e  o b served
Q
s t r e n g th  o f  c r y s t a l s  have shown t h a t  n e a r ly  10 d i s lo c a t io n
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l i n e s  c ro s s  p e r  cm . A c tu a l ly ,  how ever, th e  s tu d ie s  o f
h  fic r y s t a l  grow th in d ic a te  a  low v a lu e  o f  abou t 10^ to  10 . T h is  
o rd e r  a g re e s  v ery  w e ll  w ith  th e  d e n s i ty  o f  e t o h - p i t s  o b serv ed  
by D ekeyser (1955)* F u r th e r  T o lansky , Omar and Pandya (1954) 
have shown t h a t  th e  d e n s i ty  o f  e tc h  p i t s  in s id e  th e  grow th  
t r ig o n  i s  l e s s  th an  t h a t  o u ts id e .  T h is  d if f é r e n c e  i n  th e
d e n s i ty ,  th ey  have a t t r i b u t e d  to  th e  d i f f e r e n c e  in  th e  nmhber 
o f  d is lo c a t io n s #  ’ ‘ ^
In  th e  fa c e  o f  such a v a s t  p r a c t i c a l  ev idence  
re g a rd in g  th e  mechanism o f  d i s s o lu t io n  and e tc h in g ,  though 
c o n f l i c t i n g ,  i t  ap p ears  t h a t  th e  e tc h in g  i s  a p r o b a b i l i t y  
phenomenon and th u s  seems to  depend upon a number o f  fa c to rs #  
The i n i t i a t i o n  o f an e t c h - p i t  and i t s  subseq u en t developm ent 
i s  governed by th e  p h y s ic a l  c h a r a c te r  o f  th e  su rfa ce*  I t  
means t h a t  th e  grow th f e a tu r e s  ( a ls o  tw in  boundary  and g r a in  
boundary) and s u rfa c e  i r r e g u l a r i t i e s  such a s  s c r a tc h e s ,  
s t r a in e d  a r e a ,  su rfa c e  c leav ag e  on a fa c e ;  and im p u r i t i e s ,  
in c lu s io n s  and many o th e r  u l t r a -m ic ro s c o p ic  - f la w s  e x i s t in g  in  
a c r y s t a l  s u r fa c e  a re  th e  s e a t s  o f  p re fe re n c e  f o r  th e  f i r s t  
a t t a c k  by th e  e tc h a n t .  Anomalous e tc h  f ig u r e s  a re  f u r t h e r  
an ev idence  o f  th e  e x is te n c e  o f  ••primary** c r y s t a l  f law s  and 
ac co rd in g  to  Smekal (1934) th e  in c lu s io n s  a re  th e  e s s e n t i a l  
cause o f  th e  fo rm a tio n  o f  th e s e  f la w s .
£
* 1.T-' ■ I
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CHAPTER I I .
EXPERIîffiOTAL AND MICROSCOPIC TE0H1ÎIQUE8.
2 .1 . E tc h in g  A p p a ra tu s .' The e tc h in g  o f q u a r tz  c r y s t a l s  
(N a tu ra l and s y n th e t ic )  i s  done in  d i l u t e  s o lu t io n  and th e  
fu s io n  o f  sodium hydrox ide  betw een  th e  te m p e ra tu re s  150^ -  
270^0 in  an oven. The te m p e ra tu re s  in d ic a te d  by th e  m eter 
on th e  oven can be r e l i e d  upon w ith in  an e r r o r  o f  ±  5 ^ . The 
O p tic a l g la s s e s  a re  e tc h e d  in  HP a c id  vapour betw een th e  room 
tem p era tu re  and te m p e ra tu re s  up to  75^0. The a p p a ra tu s  shown 
in  th e  f i g . l .  f o r  t h i s  pu rpose  was r ig g e d  up in  t h i s  la b o r a to r y .  |  
The h e a tin g  u n i t  i s  shown s e p a ra te ly  in  th e  same f i g u r e .  HP 
a c id  b e in g  h ig h ly  c o r r o s iv e ,  th e  cham ber c o n ta in in g  th e  o i l - b a t h ,  
th e  r e t o r t s ,  c r u c ib le s  and th e  specim en h o ld e rs  e t c .  a re  a l l  
made o f le a d .  And f i n a l l y  the  whole equipm ent i s  p la c e d  in s id e  
a fume cupboard .
2 .2 .  Tem perature C o n tro l U n it .  (P ig . l )  8 i s  th e  sw itc h  
f o r  th e  h e a te r  (H), L i s  th e  p i l o t  lamp and T.Ü . i s  th e rm o s ta t 
u n i t .  * 1 ^  P condenser i s  u sed  f o r  s to p p in g  th e  sp a rk in g  in  
th e  th e rm o s ta t .  The C a r tr id g e  T herm ostat i s  a  p r e c i s io n  
in s tru m e n t f o r  th e  d e te c t io n  o f s e t  te m p e ra tu re s . I t  c o n s i s t s  
o f  two s i l v e r  c o n ta c ts  mounted on b u t  in s u la te d  from , two 
s p e c ia l  n i c k e l - s t e e l  m enders o f  low ex p an sio n  c o e f f i c i e n t .
T h is  assem bly i s  mounted under te n s io n  in  a seam less  drawn b r a s s  
o r s t a i n l e s s - s t e e l  tu b e . Changes in  tem p era tu re  cause  th e  
s h e l l  to  expand o r  c o n t r a c t ,  s u b je c t in g  th e  s t e e l  c o n ta c t
«7
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s u p p o r ts  to  cliangee o f  te n s io n  and th e re b y  ca u s in g  th e  c o n ta c ts  
to  make and b re a k . T em perature a d ju s tm e n t i s  a c h ie v e d  by 
a d ju s t in g  th e  te n s io n  by a V e rn ie r  screw . The te m p e ra tu re  o f  
th e  o i l - b a t h  i s  t i v e n  by à c e n tig ra d e  therm om eter.
2.3» M ic ro - In d e n te rs . P ig .  (2) shows th e  V ickers*  m achine
w hich can be f i t t e d  to  th e  V ickers*  m icro scope  when u se d  f o r  
s u r fa c e  in d e n ta t io n s  by a diamond sq u are -p y ra m id  in d e n te r  o r
a doub le  cone in d e n te r .  In  th e  f i r s t  c a se  Diamond Pyram id
\
H ardness (D .P .H .) nunAer I s  c a lc u la te d  by  u s in g  th e  r e l a t i o n  
Hy « = w here P I s
th e  lo a d  In  gm. and d i s  th e  average  d ia g o n a l o f  th e  in d e n t­
a t io n  in  m icro n s (10“ ^  eras). i s  th e  a n g u la r i ty  o f  th e  
pyram id and i s  e q u a l to  136®» In  th e  ea se  o f  double cone 
in d e n te r  th e  h a rd n e ss  number i s  o b ta in e d  from  th e  fo llo w in g
r e l a t i o n ; -  Ud.ç,. = W (Kffln)—  where C =
^  Cd^ (im.) ^
and d b e in g  th e  le n g th  o f  th e  b o a t  shaped  in d e n ta t io n  and
r  i s  e q u a l to  2 mm. The double cone in d e n te r  a s  deve lo p ed
by O ro d z in sk i (1952) c o n s i s t s  o f  two cone fa c e s  jo in e d  on e q u a l
b a s e s ,  th e  axes b e in g  in  a l i n e .  The an g le  aC , th u s  in c lu d e d
betw een th e s e  co n es , i s  154®.
2 .4 .  I n te r f e ro m e te r  f o r  Q uartz  : -  Q u artz  c r y s t a l s  u s u a l ly  
have a p y ra m id a l te rm in a t io n . In  o rd e r  to  s tu d y  th e  ^ r f a c e s
f \
o f  th e  te rm in a t in g  rhom bohedron fa c e s  in c l in e d  a t  an an g le  o f
^  \
38 to  th e  p rism  p la n e s  and a ls o  th e  e n tra p p e d  rhom bohedron
fa c e s  (known a s  s t r i a t i o n s )  on th e  p rism  fa c e s  o rd in a ry  j i g  i s
- \
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n o t o f  imioh u s e .  A s p e c ia l  j i g  a s  shown in  P i g . 3* was made 
to  m eet th e  above re q u ire m e n ts . The tu b e  f o r  h o ld in g  th e
I *
c r y s t a l  s l i d e s  in to  a n o th e r  c y l in d e r  w hich  i s  f ix e d  to  th e
o (u p p e r d is c  o f  the in te r f e r o m e te r  a t  an an g le  o f  38 n e a rb y .
The d e s i r e d  p a r a l le l i s m  o f  th e  fa c e  w ith  th e  h o r iz o n ta l  p la n e  
can  be c o n v e n ie n tly  ach iev ed  by a d ju s t in g  th e  th r e e  to p  screw s 
S im ila r ly  f o r  th e  in te r f e r o m e t r i c  s tu d y  th e  g a p - le n g th  o r  th e  
w edge-ang le betw een th e  o p t i c a l  f i a t  and th e  c r y s ta l  fa c e  can  
be a d ju s te d  e a s i l y .
2 .5 .  O p t ic a l  M icroscope: F o r b o th  s u r fa c e  topog raphy  and
in te r f e ro m e try  a V ickers*  in v e r te d - ty p e  p r o je c t io n  m icroscope 
(Flgmk) i s  u se d . The ex am in a tio n  o f  th e  s u r f a c e s  b e fo re  and 
a f t e r  e tc h in g  i s  done in  r e f l e c t i o n  u s in g  e i t h e r  th e  b r i g h t -  
f i e l d  o r  phase c o n t r a s t  i l lu m in a t io n .  The q u a n t i t a t iv e  
m easurem ents o f  th e  d e p th  o f  e tc h in g  a re  done by  em ploying  th e  
s e n s i t i v e  o p t i c a l  and in te r f e r o m e t r ic  te c h n iq u e s  o f  T o lansky  
(1948, 5 2 ) . A b r i e f  d e s c r ip t io n  o f  th e s e  m ethods w i l l  be 
g iv e n  h e re  and on ly  th e  s a l i e n t  p o in t s  w i l l  be d is c u s s e d  abou t 
them . The fo llo w in g  m ethods o f o b s e rv a t io n s  a re  fo llo w e d  in  
th e s e  in v e s t ig a t io n s .
(1) S u rfac e  m icroscopy  and P iz e a u  f r in g e s  i n  
r e f l e c t i o n  u s in g  5461° A.IJ r a d ia t i o n .
(2) F r in g e s  o f  e q u a l ch ro m atic  o rd e r  in  r e f l e c t i o n .  >
(3) L ig h t p r o f i l e  and l i ^ t  c u t .
2 .6 .  E v a p o ra tio n  T echn ique: As a r e s u l t  o f  e tc h in g  th e
& PÉ.C IM gN  TO  9 (1
He*
QUARTZ INTERFEROMETER 
(ELEVATION)
P la n  Y iÈ y .
T.-5-. 3
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r e f l e c t i v i t y  o f  th e  s u r f a c e s  becomes v e ry  p o o r and th e r e f o r e  in  
b o th  o p t i c a l  and in te r f e r o m e t r ic  s tu d ie s  th e  specim en has to  be 
c o a te d  w ith  a h ig h ly  r e f l e c t i n g  l a y e r  o f  s i l v e r  (abou t 500 R 
th ic k )  g iv in g  a r e f l e c t i v i t y  o f  ab o u t 90^# To o b ta in  such  a 
h ig h  r e f l e c t i v i t y  and to  en su re  u n ifo rm  d e p o s i t  o f  s i l v e r  la y e r  
th e  specim en must be th o ro u g h ly  c le a n e d . Q u artz , fu se d  s i l i c a  
and g la s s  a re  r e s i s t a n t  to  th e  ch em ica l a c t io n  and th u s  t h e i r  
s u r f a c e s  can be s a f e ly  c le a n e d  by th e  u s u a l  re a g e n ts  such  as 
soap s o lu t io n ,  H^Op, and w a te r  e t c . .  At tim es  i t  was found 
n e c e s sa ry  to  u se  an a lc o h o l ic  s o lu t io n  o f  f e r r i c  n i t r a t e  
fo llo w ed  by w ashing in  a lc o h o l to  remove th e  s i l v e r  from  th e  
e tc h e d  s u r f a c e s .  F in a l  c le a n in g  o f  th e  specim en i s  done in  
th e  vacuum chamber by  p a s s in g  a h ig h  te n s io n  d is c h a rg e . S i lv e r  
i s  e v a p o ra te d  on to  th e  s u r fa c e s  from  a molybdenum f i la m e n t  
(Boat sh ap e d ). To e n su re  a  un ifo rm  d e p o s i t ,  th e  specim ens a re  
p la c e d  in  th e  vacuum chamber a t  a d is ta n c e  o f  25 to  35 cms 
from  th e  i^ ilam ent. A com m ercial e v a p o ra tin g  u n i t ,  Edwards 
ty p e  B .3  (F ig .5) i s  u sed  f o r  t h i s  p u rp o se . The pumping system , 
a th r e e  s ta g e  o i l  d i f f u s io n  pun©, backed  by a r o ta r y  pump, 
e n a b le s  a p re s s u re  o f  l e s s  th a n  lO "^ cm. to  be re ach ed  in  th e  
chamber. The system  i s  pumped o u t to  abou t .1  nra. p re s s u re  
by th e  r o ta r y  pump. At t h i s  s ta g e  a h ig h  v o lta g e  d isc h a rg e  i s  
p a s se d  betw een  the  e le c t r o d e s  and th e  s u r f a c e s  a re  now c le a n e d  
by io n ic  bom bardm ent. The p re s s u r e  i s  f u r t h e r  reduced  to  . 5 ^  
by th e  d i f f u s io n  pump and now th e  s i l v e r  can  be e v a p o ra te d . A
VACUUM
chamber
I H C tM C N
H O L D E R
ELECTBO O EE
6AUCC
VALVE
HEATIHO
C O rC B  ABM
BIBA M I GAUGE
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c u r r e n t  o f  120 amps, i s  p a s se d  th ro u g h  th e  f i la m e n t and th e  
s i l v e r  i s  e v a p o ra te d  t i l l  th e  r e q u ir e d  th ic k n e s s  has been  
d ep o sited »  '
2 . 7 . Iv lu ltilayer»  To ac h ie v e  a h ig h  r e f l e c t i v i t y ,  in  a d d i t io n  
to  th e  th e rm a l e v a p o ra tio n  o f  m e ta ls  l i k e  s i l v e r  on to  th e  
su rfa c e  o f  th e  specim en o r  th e  p r e p a r a t io n  o f  s i lv e r e d  o p t i c a l  
f l a t s ,  a n o th e r  method may be employed by u s in g  d i a l e c t r i c  
m u l t i l a y e r  f i lm s .  These f i lm s  were f i r s t  p roduced  in  U .S .A . 
in  1942 a s  beam s p l i t t e r s ,  b u t  l a t e r  on were u sed  in  i n t e r -  
fe ro m e try  by J a c q u in o t and D ufour from 1943 to  1948. The 
m u l t i l a y e r  f i lm s  c o n s i s t  o f  a l t e r n a te  d e p o s i t s  o f  d i a l e c t r i c  
m a te r ia l s  o f  h ig h  and low r e f r a c t i v e  in d ic e s  (w ith  r e s p e c t  to  
th e  s u b s t r a t e ) ,  each  o f  o p t i c a l  th ic k n e s s  ( e i t h e r  ^ /4
f o r  f i r s t  o rd e r  f i lm s  o r  3 X / 4  f o r  second o rd e r  f i lm s ,  X 
b e in g  th e  w aveleng th  a t  w hich  th e  f i lm s  a re  to  be u se d .
C ry o l i te  ( ^  = 1 .3 6 ) and Zns ( /^  = 2 .3 7 ) have been  s u c c e s s f u l ly  
u sed  a s  on g la s s  s u b s t r a t e s  ( /^ = 1 .5 )*
The p r in c ip l e  o f  th e  m u l t i l a y e r  f i lm s  can  be e a s i l y  
u n d e rs to o d  by c o n s id e r in g  i n i t i a l l y  a ^ / 4  l a y e r  o f  Zns on 
g la s s .  The two beams o f  l i g h t ,  one r e f l e c t e d  from th e  a i r -  
d i e l e c t r i c  i n t e r f a c e ,  and th e  o th e r  from  th e  d i e l e c t r i c - g l a s s  
i n t e r f a c e ,  w i l l  be i n  p h ase  and hence th e r e  w i l l  be an in c re a s e  
in  r e f l e c t i v i t y  b ecau se  o f  re in fo rc e m e n t. T h is  w i l l  be so 
because th e  beam a t  th e  f i r s t  i n te r f a c e  s u f f e r s  a phase  change 
o f  'TT and th e  second beam h as to  t r a v e l  an a d d i t io n a l  p a th
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2 ^  t  = ^ / g .  A slng)l8 c a lc u la t i o n  u s in g  th e  r e l a t i o n
a  = i— \  
rnex t ^ v T / v T j
shows th a t  a s in g le  l a y e r  o f  Zns on g la s s  in c r e a s e s  i t s
r e f l e c t i v i t y  from 4  to  33 p e r  c e n t ,  where ^  and / 'v  a r e  th e
in d ic e s  o f th e  f i lm  and s u b s t r a te  r e s p e c t iv e ly .  Now c o n s id e r
two la y e r s  d e p o s i te d  on g l a s s .  I f  th e  f i r s t  l a y e r  on
g la s s  i s  o f  Zns, on top  o f w hich  a l a y e r  o f  c r y o l i t e  i s
d e p o s i te d , i t  i s  obv ious t h a t  th e  r e f l e c t i v i t y  w i l l  d rop  down,
t h e o r e t i c a l l y  to  14 p e r  c e n t .  T hree d i e l e c t r i c  l a y e r s  each  o f
o p t i c a l  th ic k n e s s  d e p o s ite d  on g la s s  i n  th e  sequence Zns,
c r y o l i t e ,  and Zns w i l l  a g a in  r e s u l t  in  a  r e f l e c t i v i t y  to  a
t h e o r e t i c a l  v a lu e  o f  67 p e r  c e n t .  Thus w ith  1 , 3 , 5» 7 , and
9 d i e l e c t r i c  l a y e r s  (end ing  w ith  Zns) r e f l e c t i v i t i e s  e q u a l to
33 67 , 87» 94, 97 p e r  c e n t  can  be a c h ie v e d . These d i e l e c t r i c
m u l t i l a y e r  f i lm s  p o s s e s s  c e r t a i n  a d v a n ta g e s , th e  c h i e f  b e in g
th a t  th e y  have a low a b s o rp t io n . An e x c e l le n t  acco u n t o f
t h e i r  p r o p e r t i e s  i s  g iv e n  by J a c q u in o t and D ufour (19 5 0 ). A
d e s c r ip t iv e  accoun t o f  th e  p ro d u c tio n  o f th e s e  m u l t i l a y e r s  and
t h e i r  u se  has been  g iv e n  by T u rn b u ll and B e lk  (1952) and
T olansky  (1953)« The te ch n iq u e  f o r  e v a p o ra tin g  d i e l e c t r i c
l a y e r s  i s  s im i la r  to  th e  s i l v e r in g  te c h n iq u e . The same
conroero ia l e v a p o ra tin g  p l a n t  can be ad o p ted  f o r  th e  p u rp o se .
*
2 .8 .  M u ltip le  Beam In terfer<H i> tey4 The s tu d y  o f  th e  c o n to u r  
o f  th e  n e a r ly  p a r a l l e l  smooth s u r fa c e s  by  u s in g  o p t i c a l  i n t e r ­
fe re n c e  d a te s  back  to  1862 when F iz e a u  in tro d u c e d  h i s  c e le b ra te d
/ l 6
p ro c e d u re . T h is  te c h n iq u e  was e x t e n s i v e ^  deve loped  by
T olansky  and h as  b een  d is c u s s e d  in  a  s e r i e s  o f  p a p e rs  (Tolansky
1944, 4 5 , 4 6 , 47)» I t  i s  w e l l  known th a t  o p t i c a l  in te r f e r e n c e
ta k e s  p la c e  i n  a wedge o f  r e f r a c t i v e  in d e x , yu when a l i g h t  o f
w ave leng th  X i s  in c id e n t  a t  an an g le  o f  ^  . S t r a ig h t  f r in g e s
o cc u r a t  wedge th ic k n e s s  t  and a re  g iv e n  by th e  r e l a t i o n
2 yu t  cos ^  * n  X » If h e re  n  i s  th e  o rd e r  o f  in te r f e r e n c e .
A s p e c ia l  case  o f  in te r f e r e n c e  a r i s e s  when t  i s  c o n s ta n t ,  i . e .
th e  s u r fa c e s  a re  p la n e  and p a r a l l e l  and a ls o  an ex ten d ed  sou rce
o f  l i g h t  i s  u s e d . S t i l l  th e  r e l a t i o n  2 yk t  co s i9 = n  X
h o ld s ,  b u t now t  i s  c o n s ta n t  and (P i s  v a r i a b le .  As th e  two
i n t e r f e r i n g  beams a r e  p a r a l l e l ,  th e  f r in g e s  ap p e a r a t  i n f i n i t y .
These a re  known a s  th e  H a id in g e r  f r i n g e s .  The i n t e n s i t y  .
2d i s t r i b u t i o n  in  th e  f r in g e  p a t t e r n  h as a co s  d i s t r i b u t i o n  f o r  
b o th  F iz e a u  and H a id in g e r f r i n g e s .  I t  i s  e v id e n t  t h a t  th e  
s e n s i t i v i t y  o f  th e s e  f r in g e s  i n  m easurem ents w i l l  be h ig h ly  
l im i te d .
M u ltip le  beam in te r f e r e n c e  ta k in g  p la c e  in  p la n e
p a r a l l e l  system  was f i r s t  d e s c r ib e d  by A iry  i n  1831. The
2f r in g e  i n t e n s i t y  d i s t r i b u t i o n  i s  no lo n g e r  o f  co s  ty p e , b u t
i s  g iv e n  by th e  fo llo w in g  r e l a t i o n
T T  ^  1i  = -------------   X ——------------  f o r  th e
17
t r a n s m i t te d  s e r i e s  o f  beams whose I n t e n s i t y  d e c re a se s  g e a n e t r ic -  
a l l y .  T , R a re  th e  c o e f f i c i e n t s  o f  t r a n s m is s io n  and r e f l e c t ­
io n  and S = 2T  ?  , i s  th e  p h ase  d i f f e re n c e  betw een  twoA
I
s u c c e s s iv e  beam s. The sh a rp n e ss  o f  th e  f r in g e s  depends upon 
th e  r e f l e c t i n g  c o e f f i c i e n t .  I t  i s  a l s o  n e c e s sa ry  to  reduce 
th e  a b s o rp tio n  to  a minimum. In  m u ltip le -b e am  F iz e a u  f r in g e s  
t h i s  i s  n o t th e  c a s e .  At norm al in c id e n c e  th e  in te r f e r e n c e  
ta k e s  p la c e  u n d er c e r t a i n  c r i t i c a l  c o n d i t io n s  o f  i l lu m in a t io n  
and th e  f r in g e s  a re  lo c a l i z e d  in  th e  in te r f e r e n c e  f i lm .  F o r 
two in c l in e d  s u r f a c e s  making a wedge in  a i r  A iry  summation 
sh o u ld  ap p ly  w ith  th e  o n ly  d i f f e r e n c e  t h a t  th e  p a th  d i f f e r e n c e  
betw een  th e  su c c e s s iv e  r e f l e c t e d  beams i s  n o t c o n s ta n t ,  b u t  
changes p r o g re s s iv e ly  w ith  in c re a s in g  o rd e r  o f  r e f l e c t i o n  and 
when th e  p a th  d i f f e r e n c e  app roaches to  i t  b e g in s  to  t e l l
upon th e  c o n d it io n s  f o r  th e  fo rm a tio n  o f  sh arp  f r i n g e s .  The 
p a th  d i f f e re n c e  betw een  th e  f i r s t  and n th  beam i s  found  to  be 
2 n t -  ^  n^ ^  ^ t  n e a r ly  where ^  i s  th e  wedge a n g le . The term  
4 /3  n^ ^ ^ t  m ust be l e s s  th a n  ^ / g #  I t  can  be shown t h a t  by  
ta k in g  th e  p o s s ib le  v a lu e s  o f  n  and ^ , th e  s e p a ra t io n  betw een  
th e  two s u r fa c e s  m ust be o f  th e  o rd e r  o f  few w av e len g th s  o f  
l i g h t  o th e rw ise  th e  f r in g e  d e f i n i t i o n  s u f f e r s  b a d ly .
T ak ing  accoun t o f p h ase  la g  v a r i a t i o n s  due to  e r r o r  
in  c o l l im a t io n ,  lineso* d isp la c e m e n t o f  beams e t c . , th e  p ro d u c tio n  
o f  h ig h ly  sh a rp  m u ltlp le -b ea ra  f r in g e s  depends upon th e  fo llo w in g  
e x p e rim e n ta l c o n d it io n s  :
A B C D E
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(1) The B urfaoes m ust he o o a te d  w ith  a h ig h ly  
r e f l e c t i n g  f i lm  o f minimum a b s o rp t io n .
(2) The f i lm  roust c o n to u r  th e  s u r fa c e  e x a c t ly  
and be h ig h ly  un ifo rm  i n  th ic k n e s s .
(3) M onochrcanatic l i g h t  sh o u ld  be u se d .
(h) The i n t e r f e r i n g  s u r f a c e s  m ust be s e p a ra te d  by
a t  m ost a  few w av e len g th s  o f  l i g h t .
(5) A p a r a l l e l  beam sho u ld  b e  u se d  (w ith in  a
1° -  3° in  to l e r a n c e ) .  
i a g f
(6) The in c id e n c e  shou ld  p r e f e r a b ly  be norm al.
The e x p e rim e n ta l a rrangem ent f o r  o b se rv in g  th e  f r in g e s  in  th e  ï 
r e f l e c t i n g  system  i s  shown in  f i g .  6 .
F r in g e s  o f  e q u a l  ch ro m atic  The s im i l a r  system
a s  w ith  F iz e a u  f r in g e s  i s  u sed  e x c e p t t h a t  now a w h ite  l i g h t  
so u rce  re p la c e s  th e  Hg. lam p. The image o f  ü ie  in te r f e r e n c e  
p a t t e r n  i s  p r o je c te d  on to  th e  s l i t  o f  a  s p e c tro g ra p h . The 
e x p e rim e n ta l arrangem ent f o r  th e s e  f r in g e s  in  tra n s m is s io n  i s  
Shown in  P i g .7# A i s  a w h ite  l i g h t  souroe whose image i s  
p r o je c te d  on to  a c i r c u l a r  a p e r tu re  0 by means o f  th e  
condenser le n s  B .  The p o s i t io n  o f  le n s  D i s  such t h a t  i t  
sends o u t a p a r a l l e l  beam o f  l i g h t  on to  th e  in te r f e ro m e te r  S 
a t  norm al inc id en ce* - The m icroscope o b je c t iv e  P p r o j e c t s  th e  
image o f  th e  in te r f e r e n c e  p a t t e r n  on to  th e  s l i t  G o f  th e  
s p e c tro g ra p h . Thus th e  s l i t  can  choose o n ly  a l im i te d  a re a  
and one f in d s  t h a t  th e  f r in g e s  ap p ear a t  H im i ta t in g  th e
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s u r fa c e  b e a u t i f u l l y .
The u s u a l  r e l a t i o n  2 cos fii = n  X . re d u ces  to  
2 t  = n  X f o r  an a i r  g a p •when cos ( 9 = 1 .  F o r any o rd e r  o f
th e  f r in g e  t / j ^  i s  c o n s ta n t .  How i f  t  i s  in c re a s e d  by an 
amount S t ,  in c re a s e s  by an amount g iv e n  by  th e  r e l a t i o n
■ . S t  = I:. -t  'V ' _
S M T veyc^  v'
F r i n g e  p a t t e r n  e x a c t l y  c o n t o u r s  t h e  a r e a  c u b m o r g o d  b y  t h e  s l i t  J  
i n  à  m a n n e r  s h o w n  i n  F i g . 8 .  T h e  d e v i a t i o n  o f  t h e  f r i n g e  s y s t e m A  
t o w a r d s  t h e  v i o l e t  i n d i c a t e s  a n  e l e v a t e d  r e g i o n  i n  t h e  a r e a  
u n d e r  e x p e r i m e n t .  H e i g h t  o r  d e p t h  v a r i a t i o n s  c a n  b e  c a l c u l a t e d  
b y  u s i n g  t h e  f o r m u l a  :
S t  = ^  ( \ -  X , )  w here n  b e in g  th e  o rd e r  o f  th e  
f r in g e  and i s  e q u a l t o  .K h  i f  \  and X , , X*, a re
X/ \  % a u
w a v e l e n g t h s  a t  t h e  c o r r e s p o n d i n g  p o s i t i o n s  o n  tw o  s u c c e s s i v e  
f r i n g e s  a n d  a r e  o b t a i n e d  e i t h e r  f r o m  t h e  d i s p e r s i o n  c u r v e  o f  
8 p e c t r o g r t q > h  o r  m o r e  a c c u r a t e l y  b y  t h e  u s e  o f  H a r tm a n *  s  f o r m u l a .
2 .9 . Phase c o n t r a s t  M icroscope. The p r i n c ip l e s  o f  phase  
c o n t r a s t  m icroscopy  w ere f i r s t  g iv en  by  Z em ick e  (193L) and 
now com prise a p o w erfu l te c h n iq u e . An e x c e l le n t  accoun t o f  
th e  p r i n c i p l e s  and a p p l ic a t io n s  o f  t h i s  te c h n iq u e  i s  g iv e n  by 
B en n e t, Ju p n ik , O ste rb u rg  and R ich a rd s  (1951)» The method 
was o r i g i n a l l y  u sed  f o r  re n d e r in g  tra n jq p a re n t v i s i b l e  o b je c ts  
i n  b io lo g ic a l  specim ens and we e x p la in  b r i e f l y  th e  same f o r  
t r a n s m i t te d  l i g h t .  The p a r t  o f  such  t r a n s p a r e n t  o b je c ts  w hich 
d i f f e r  on ly  in  th ic k n e s s  o r r e f r a c t i v e  in d ex  w i l l  in f lu e n c e
^  î 
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l i g h t  t r a v e l l i n g  th ro u g h  t l »  s l i d e  by  a l t e r i n g  i t s  phase  r a th e r
» *
th a n  am p litu d e . U sing  d a rk  f i e l d  i l lu m in a t io n  o r  by s h i f t  o f  
foouB some improvement can  be made in  re n d e r in g  th e  o b je c t  
v i s i b l e  b u t  th e  f a i t h f u l  r e p r e s e n ta t io n  o f  th e  o b je c t  i s  
o b ta in e d  w ith  phase  c o n t r a s t  I l lu m in a t io n .  T h is  i s  e s s e n t i a l l y  
th e  c o n v e rs io n  o f  p h ase  v ib r a t io n s  on th e  wave f r o n t s  le a v in g  
th e  o b je c t ,  i n to  v a r i a t i o n s  o f  i n t e n s i t y  i n  th e  p la n e  o f  th e  
im age; P i g . 9 shows how t h i s  i s  d one . In  p a r t  (a) a re  shown 
th e  a d d i t io n s  to  an  o rd in a ry  m icro scope  w hich a re  th e  phase  
p l a t e  P and a n n u la r  diaphragm  D. D i s  p la c e d  in  th e  f r o n t  
f o c a l  p la n e  o f th e  su b s tag e  co n d en se r C and an image o f  th e  
l i g h t  sou rce  i s  fo c u sse d  on D by  th e  concave m ir ro r  M .
The o b je c t  on th e  s l i d e  3 i s  th u s  i l lu m in a te d  by a hollow  
cone o f p a r a l l e l  l i g h t .  I f  th e r e  was no d i f f r a c t i o n  by  th e  
specim en on th e  s l i d e ,  t h i s  l i g h t  w ould be a g a in  fo c u sse d  by th e  
f i r s t  th r e e  le n s e s  o f  th e  o b je c t iv e  0 to  fonn  an image o f  D 
on th e  phase p l a t e  P . T h is  may c o n s i s t  o f  a  g la s s  p l a t e  
upon w hich i s  e v a p o ra te d  ah a n n u la r  l a y e r  o f  a t r a n s p a r e n t  
d i e l e c t r i c  o f  o p t i c a l  th ic k n e s s  * The s iz e  o f  t h i s
r e ta r d in g  r in g  i s  su ch  a s  to  m atch th e  image o f  D. I t  a ls o  h a s  
a t h in  d e p o s it  o f  m e ta l l i c  f i lm  to  red u ce  th e  i n t e n s i t y  o f  th e  
t ra n s m is s io n . The o b je c t  on m icroscope h as  alw ays some 
s t r u c tu r e  w hich w i l l  cause  d i f f r a c t i o n  o f  th e  l i g h t  p a s s in g  
th ro u g h  i t .  P e r  in s ta n c e ,  a s  shown in  P i g . 9 (b) l e t  the  , 
specim en produce a d i f f r a c t i o n  p a t t e r n  s im i la r  to  F ra u n h o fe r
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p a t t e r n  o f  a  s i n g l e  a p e r t u r e  a s . I n d i c a t e d  b y  b r o k e n  c u r v e ,  
b e l o w  p .  .  T h e  l i g h t  o f  c e n t r a l  m a x im a  i s , r e t a r d e d  i n  p h a s e  
b y  w i t h  r e q p e c t  t o  d i f f r a c t e d ,  l i g h t ,  w h i c h  i s  o n  a v e r a g e
a l r e a d y  o n e  q u a r t e r  v i b r a t i o n  b e h i n d  t h e  c e n t r a l  m a x im a .  T h u s  
t h e  p h a s e  p l a t e  b r i n g s  t h e  tw o  i n  p h a s e  r e s u l t i n g  i n  i n c r e a s e d  
i n t e n s i t y  a t  t h e  c o r r e s p o n d i n g  p o i n t  i n  t h e  f i n a l  i m a g e .  T h e  
d i f f r a c t i n g  o b j e c t  i s  t h e n  r e n d e r e d  v i s i b l e  b y  w h a t  i s  k n o w n  
a s  b r i g h t  c o n t r a s t  o r  n e g a t i v e  p h a s e  c o n t r a s t .  I f  t h e  p h a s e  
p l a t e  i s  m a d e  s o  a s  t o  a d v a n c e  t h e  d i r e c t  l i g h t  i n  p h a s e  w i t h
a
r e s p e c t  t o  d i f f r a c t e d  l i g h t  w e  h a v e  p o s i t i v e  p h a s e  c o n t r a s t .
T h e  o b j e c t  i s  d a r k  b e c a u s e  o f  d e s t r u c t i v e  i n t e r f e r e n c e  a t  t h e  
i m a g e .  F o r  t h e  b e s t  r e s u l t s  t h e  a n n u l a r  p l a t e  i s  m a d e  
a b s o r b i n g ,  s i n c e  o t h e r w i s e  t h e  l i g h t  o f  c e n t r a l  m ax im u m  i s  t o o  
s t r o n g ,  r e l a t e d  t o  t h e  d i f f r a c t e d  b e a m s .  T h u s  b y  i n t r o d u c i n g  
a  p h a s e  p l a t e  w h i c h  p r o d u c e s  p h a s e  c h a n g e s  i n  t h e  p l a n e  o f  
d i f f r a c t i o n  I m a g e ,  a n  o b j e c t  w h i c h  i n f l u e n c e s  t h e  b e a m  t h r o u g h  
c h a n g i n g  i t s  o p t i c a l  p a t h  m a y  b e  m a d e  v i s i b l e ,  p r o v i d e d  s u c h  
o b j e c t  p r o d u c e s  d i f f r a c t i o n  p a t t e r n .  A l t h o u g h  d i f f r a c t i o n  i s  
n o t  a s  p r o n o u n c e d  a s  t h a t  p r o d u c e d  b y  a m p l i t u d e  c h a n g e s ,  s u c h  
a  p a t t e r n  a l w a y s  e x i s t s .  I n  t h e  c o m p l e t e  t h e o r y  o f  m i c r o ­
s c o p i c  im a g e  o u t  o f  tw o  e s s e n t i a l  s t a g e s  o f  d i f f r a c t i o n ,  o n e  
a t  t h e  p l a n s  o f  t h e  o b j e c t  a n d  t h e  o t h e r  a t  t h e  o b j e c t i v e  l e n s ,  
a s  p o i n t e d  o u t  b y  A b b e ,  o n l y  t h e  s e c o n d  o n e  i s .  c o v e r e d  i n  t h i s  
t e c h n i q u e  a n d  t h u s  i t  f a i l s  t o  g i v e  a  q u a n t i t a t i v e  c o r r e c t ^
r e s u l t .  .
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D e s c r ip t io n  o f th e  A p p ara tu a ; The In s tru m e n t u sed  In  th e  
p r e s e n t  work I s  th e  Cooke, T roughton  and Simms p2mse c o n t r a s t  
equipm ent f o r  r e f l e c t i o n  w hich can  be f i t t e d  on th e  V ickers* 
m ic ro sco p e .
The a n n u la r  diaphragm  D s e rv e s  a s  e n tra n c e  p u p i l  
o f  th e  o p t i c a l  system  which c o n s i s t s  o f  a f i e l d  l e n s ,  m icro­
scope o b je c t iv e  and th e  r e f l e c t i n g  s u r fa c e  o f  th e  specim en.
L ig h t I s  fo c u sse d  on D by co n d en se r C • The f i e l d  le n s  
and o b je c t iv e  form  an Image o f  o f  th e  f i e l d  s to p  on th e
s p e c u la r ly  r e f l e c t i n g  s u r fa c e  o f  th e  specim en. The l i g h t  I s  
r e f l e c t e d  from th e  specim en and th e n  p a s s e s  th ro u g h  th e  o b je c t­
iv e  a g a in  to  f o m  a r e a l  Image Dg o f  th e  diaphragm  D. The 
phase  p l a t e  I s  k q o t a t  Dg. The o b je c t iv e  le n s e s ,  phase  p l a t e  
and beam s p l i t t e r  a re  mounted as  shown In  P ig .  9 ( c ) .  T h is  , ^  
In s tru m e n t makes p o s i t iv e  phase  c o n t r a s t  w ith  a s in g le  phase  
p l a t e  hav ing  QOfo a b s o rp t io n  w ith  a phase  r e t a r d a t io n  o f  ^ g .  
T h is  phase  p l a t e  seems m o d era te ly  w e ll  f o r  a l l  p r a c t i c a l  
p u rp o ses  o v e r th e  whole ramge o f  sm a ll p a th  d i f f e r e n c e s .  The 
s u r fa c e  h as  to  be a d ju s te d  p e rp e n d ic u la r  to  th e  o p t i c a l  a x is
o f th e  m ic ro sco p e , so t h a t  th e  Image o f  th e  diaphragm  I s
c e n tr e d .  F o r  t h i s  pu rpose an  a u x i l i a r y  m icroscope I s  p ro v id e d  
w hich can  be i n s e r t e d  In  p la c e  o f  th e  e y e p ie c e . T h is  e n a b le s  
th e  ex am in a tio n  o f  th e  b ack  f o c a l  p la n e  o f  th e  o b je c t iv e  so 
t h a t  th e  Image o f  th e  diaphragm  can  be made to  c o in c id e  e x a c t ly  ^
w ith  th e  phase  p l a t e .
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F o r c o a r s e r  d e t a i l  i t  raay be p o s s ib le  to  i s o l a t e  th e  
d i f f r a c t i o n  e f f e c t s  betw een  th e  ze ro  and th e  h l ^ e r  o rd e r  
s p e c t r a l  im ages. F u r th e r  th e  s u rfa c e  o f  th e  specim en sh o u ld  
be s p e c u la r ly  r e f l e c t i n g  in  o rd e r  to  form  a sharp  image o f  th e  
a n n u la r  co n d en ser diaphragm  on th e  phast- p l a t e .  I f  th e  s u r fa c e  
i s  rough  30 t h a t  l i g h t  i s  d i f f u s e d  c o m p le te ly , no image o f  th e  
a n n u la r  diaphragm  i s  form ed a f t e r  th e  l i g h t  p a s s e s  th ro u g h  th e  
o b je c t iv e  a second tim e and th e  phase  c o n t r a s t  canno t be u sed  
a t  a l l .
In  phase c o n t r a s t  m icroscopy b e s t  c o n t r a s t  i s  o b ta in e d  
when th e  specim en i s  e x a c t ly  in  fo c u s  w hereas i n  b r i g h t  f i e l d  
m icroscopy d e fo c u ss ln g  I s  u sed  to  observe  specim ens e x h ib i t in g  
a low c o n t r a s t .  The image b e a r s  a c lo s e r  resem blance to  th e  
o b je c t  when I t  i s  a c c u ra te ly  in  fo c u s  and c o n t r a s t  i s  maximum 
in  th e  p h ase  c o n t r a s t  te c h n iq u e . M oreover th e  a p e r tu re  i s  f u l l y
n
open and th e r e  i s  no d e c re a se  in  r e s o lu t io n .
Very c o n t r a s ty  Kodak B20 p ro c e s s  p l a t e s  a re  u sed  and 
developed  in  c o n tr a s ty  Kodak D8 d e v e lo p e r , to  g e t  th e  b e s t  
c o n t r a s t .
2 .1 0 . L ig h t P r o f i l e  M icroscope; The d ep th  o f  e tc h in g  o f  
g la s s e s  and o f  th e  e t c h - f lg u r e s  i s  c o n v e n ie n tly  m easured by  th e  
L ig h t p r o f i l e  and L ig h t- c u t  te c h n iq u e s  deve loped  by T o lansky  
(1952). T h is  i s  a  com plem entary te c h n iq u e  to  M u ltip le  Beam 
In te r fe ro m e try  f o r  th e  to p o g ra p h ic a l  i n v e s t ig a t io n s .  The b a s i s  
o f  t h i s  te ch n iq u e  i s  due to  Schm altz (1936 ). Schm altz l i g h t  c u t  |
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te c h n iq u e  can g iv e  raagnlf io a t lo n  in  e x te n s io n  up to  x  400 
and in  d ep th  up to  x  650. I t  I s  n o t  a v e ry  s e n s i t iv e  dev ice  
f o r  th e  m easurem ent o f  s u r fa c e  p r o f i l e  and h as s e v e ra l  d i s ­
ad v an tag es  which have been  overcome w ith  th e  developm ent o f  
th e  L ig h t P r o f i l e  (T olansky 1952 ). Any m icroscope can  be 
u sed  f o r  t h i s  p u rp o se  by making a m inor a d a p ta t io n  and hav ing  
a u n iv e r s a l  i l lu m in a to r .  The n e c e s s a ry  gurrangement h as been  
shown 8chem atlc8ü.ly in  P ig .  10. A i s  a m onochrom atic sou rce  
w hich i s  n e c e ssa ry  b ecau se  th e  o f f - c e n t r e  u se  o f a s in g le  le n s
w i l l  o th e rw ise  le a d  to  s e r io u s  ch ro m a tic  d i f f i c u l t i e s .  L. i s1
th e  condensing  le n s  and a d iaphragm . Sg i s  th e  f i e l d  i r i s  
in  th e  U n iv e rsa l  i l lu m in a to r ,  t o  w hich th e  p r o f i l e  i s  f i t t e d  
a s  n e a r  as  p o s s ib le .  The p r o f i l e  c o n s i s t s  o f  a m ounted th in  
w ire  o r a s c ra tc h  on a d is c  o f g l a s s ,  o r  v e ry  c o n v e n ie n tly  th e
edge o f  a o o v e r - s l ip .  The m e ta l tongue o f  th e  i l lu m in a to r  If
g iv e s  th e  o f f - c e n t r e  I l lu m in a t io n .  The p ro ced u re  i s  v e ry
s im p le . The s u r fa c e  to  be exam ined, X, i s  f i r s t  fo c u sse d  in
th e  m icro sco p e , o f w hich  E i s  th e  e y e -p ie c e .  A f te r  t h a t  
th e  p r o f i l e  i s  a d ju s te d  u n t i l  i t s  im age, p r o je c te d  by th e  
o b je c t iv e  le n s  0 , i s  e x a c t ly  in  fo c u s ,  i . e .  th e  image i s  in  
th e  p la n e  o f  th e  s u r fa c e  o f th e  specim en . Because o f  th e  
I n c l in a t io n  o f  th e  in c id e n t  i l lu m in a t io n  a p r o f i l e  i n  d e p th  o r  
h e ig h t  i s  co n v e rted  in to  l a t e r a l  d isp la c e m e n t. The r e l a t i o n  
betw een  th e  m a g n if ic a t io n  in  e x te n s io n  o f  a f e a tu r e ,  say  d e p th , 
can be e a s i l y  r e l a t e d  to  th e  l i n e a r  m a g n if ic a t io n . The
— — • — - — ■ : ' 1
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i tan. ^r e s u l t i n g  p r o f i l e  m a g n if ic a t io n  i s  M = M — — where 1
i s  th e  an g le  o f  in c id e n c e  o f  th e  i l lu m in a t in g  beam o f  l i g h t ,  
and jj< i s  th e  r e f r a c t i v e  in d ex  o f  th e  medium su rro u n d in g  th e  
s u r fa c e  o f  th e  specim en M b e in g  th e  m icroscope m a g n if ic a t io n . 
mVjj i s  known a s  th e  p r o f i l e  c o n s ta n t  w h id i i s  o b ta in e d  by 
e m p ir ic a l  c a l i b r a t i o n .  The c a l i b r a t i o n  o f  each  o b je c t iv e  le n s  
i s  th u s  done by em ploying th e  f a m i l i a r  in te r f e r o m e t r ie  
te c h n iq u e s . I t  h a s  been  found t h a t  th e  c o n s ta n t  f o r  2 .2  inn. 
o il- im m e rs io n  o b je c t iv e  i s  u n i ty ,  w hich means t h a t  th e  p r o f i l e  
and m icroscope m a g n if ic a t io n s  a re  e q u a l .  M a g n if ic a tio n  up to  ^  
X 2000 can  be e a s i l y  p roduced  and s a f e ly  u sed  w ith  a r e s o lu t io n  
o f  The accu racy  o f  m easurem ents in  such  a c a se  i s  .1 /^
when t h i s  o b je c t iv e  i s  u se d . The d ep th  o r  h e ig h t ,  d , can
be de te rm in ed  frcma th e  fo llo w in g  r e l a t i o n  :
.  ^  s h i ^  i n  p r o f i l e  _______________
^  p r o f i l e  c o n s ta n t  X m icroscope m a g n if ic a t io n
In  th e  ca se  o f  e tc h e d  g la s s  s u r fa c e  i t  i s  found
t h a t  th e  l i g h t  p r o f i l e  i s  n o t a v e ry  s u c c e s s fu l  way o f  roeasur- ,
in g  th e  d ep th  o f  e tc h in g .  I t  can be r e a l i s e d  t h a t  th e  l i g h t -  
c u t  p ro v e s  more u s e f u l  in  such s tu d ie s .  I n s te a d  o f  th e  
p r o f i l e  i t  i s  on ly  n e c e s sa ry  to  p la c e  a s l i t  c lo s e  to  th e  
f i e l d - i r i s .  T h is  s l i t  even can  be made from two sm all p ie c e s  i 
o f  a r a z o r  b la d e .  F o r a s l i t  o f  t h i s  type  n e i t h e r  h ig h  
p r e c i s io n  n o r ex trem e narrow ness a re  r e q u ir e d .
L ig h t p r o f i l e  o r  L ig h t - c u t  tech n iq u e  u sed  in  th e se  
in v e s t ig a t io n s  a re  found  s u p e r io r  to  th e  te c h n iq u e s  o f  ' «
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I n t e r f e r o m e t r y  d u e  t o  t h e  f o l l o w i n g  r e a s o n s : -  F o r  i n t e r ­
f e r o m e t r y  t h e  s u r f a c e  s h o u l d  n o t  h e  q u i t e  r o u g h  w h i l e  i n  s u c h  
c a s e s  t h e  l i g h t - p r o f i l e  m i c r o s c o p e  c a n  h e  u s e d  e f f e c t i v e l y .
M u l t i p l e - B e a m  I n t e r f e r o m e t r y  h a s  e n o r m o u s  r e s o l u t i o n  i n  d e p t h  a
'  ■ . ■ 
h u t  a t  t h e  c o s t  o f  r e s o l u t i o n  i n  e x t e n s i o n  s o  t h a t  f i n e  l a t e r a l
d e t a i l s  c a n n o t  h e  a l w a y s  d e t e c t e d .  I t  i s  s e e n  t h a t  t h e
L i g h t - c u t  o r  p r o f i l e  a l t h o u g h  i t  d o e s  n o t  g i v e  h e i g h t  d i s p l a c e -
m e n t  a c c u r a c y  o f  h i g h  d i s p e r s i o n  f r i n g e s ,  g i v e s  a  v e r y  h i g h
l a t e r a l  m a g n i f i c a t i o n  I n  c o n j u n c t i o n  w i t h  c o n s i d e r a b l e  v e r t i c a l
m a g n i f i c a t i o n .
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É-]CHAPTER I I I . . - t\
8Y K TH ETIC QU;j^T% CRyST^P Y - <A -  TYPE)
INTRODUCTION 
The s tu d y  o f  c r y s t a l  grow th h as  In  r e c e n t  y e a rs  
become im p o rtan t and has a ro u sed  much i n t e r e s t  in  b o th  th e o r ­
e t i c a l  and e jqperim en ta l p h y s ic s ,  and h a s  been  s t im u la te d  by 
th e  need  o f  grow ing h ig h  q u a l i ty  s y n th e t ic  c r y s t a l s  ( e .g .  
q u a r tz )  o f  economic im p o rtan ce . In fo rm a tio n  co n cern in g  th e  
way in  which c r y s t a l s  grow can be o b ta in e d  by exam ining th e  
c r y s t a l s  d u rin g  grow th . A l t e r n a t iv e ly ,  th e  whole h i s to r y  o f 
grow th p ro c e s s  can be s tu d ie d  by exam ining th e  s u r fa c e s  o f 
c r y s t a l s  by th e  p o w erfu l o p t i c a l  and in te r f e r o m e t r i c  te c h -  % 
n iq u es  (T olansky 1948) deve loped  e x te n s iv e ly  in  r e c e n t  y e a r s .
T h u s  t h e  l a t t e r  s t u d y  h a s  r e v e a l e d  a  n u m b e r  o f  o u t s t a n d i n g  |
f a c t s  w h i c h  h a v e  g r e a t l y  a s s i s t e d  a n  u n d e r s t a n d i n g  a s  t o  h o w  
t h e  c r y s t a l s  g r o w .  I t  i s  e x p e c t e d  t h a t  t h e  r e v e r s e  p r o c e s s  
i . e .  d i s s o l u t i o n  o r  e t c h i n g  o f  a  c r y s t a l  s u r f a c e  w i l l  u n f o l d
I
some o f  th e  n y s t e r i e s  o f  th e  grow th m echanism . O f  co u rse  th e  ^  
sequence o f e v e n ts  a t  a  c r y s t a l  su r fa c e  when c o n d it io n s  a re  
re v e rs e d  from  th o se  o f  grow th a re  n o t so s im p le : th e re  i s  n o t 
a s t r i c t  r e c ip r o c i ty  betw een grow th  and d i s s o lu t io n .  R ecen t 
ex p e rim en ts  o f  T o lansky  e t  a l  (1955) on th e  e tc h in g  o f  diamonds 
have shown beyond doubt t h a t  diamond grows by th e  a c c r e t io n  o f  |
l a y e r s .  Q uartz  i s  a n o th e r  c r y s t a l  w hich h as  trem endous " 1I
i n d u s t r i a l  p o t e n t i a l i t i e s  and has been  s tu d ie d  in  t h i s
'T
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l a b o r a t o r y  w i t h  a  v i e w  t o  u n d e r s t a n d i t î S  i t s  g r o w t h  m e c h a n i s m .  
T h e  p r e s e n t  w o r k  t a k e s  i t s  p l a c e  i n  t h i s  s e r i e s .
I n  t h e  e n t i r e  m i n e r a l  k i n g d o m ,  n o  s p e c i e s  i s  m o r e  
a b u n d a n t ,  w i d e s p r e a d ,  v a r i e d  a n d  b e a u t i f u l  t h a n  q u a r t z  a n d  s o  
i t  s e e m s  a l m o s t  n e e d l e s s  t o  a s k  t h e  q u e s t i o n ,  w h y  k n o w  q u a r t z ?  
D u r i n g  r e c e n t  y e a r s ,  l i t e r a l l y  h u n d r e d s  o f  m i n e r a l  d e v o t e e s  
h a v e  b e c o m e  s e r i o u s l y  e n g a g e d  i n  t h e  p r a c t i c e  o f  c u t t i n g  a n d
*  r
p o l i s h i n g  s e m i - p r e c i o u s  s t o n e s .  N o com m o n  m i n e r a l  l e n d s  
i t s e l f ,  f r o m  t h e  s t a n d p o i n t  o f  v a r i e t y ,  b e a u t y  a n d  d u r a b i l i t y  
t o  t h e s e  e n d s  s o  w e l l  a s  q u a r t z .  Pr<Hn t i m e  im m e m o r i a l  q u a r t z  
a n d  i t s  o t h e r  v a r i e t i e s  h a v e  b e e n  e m p l o y e d  a s  m a t e r i a l  f o r  
so m e  o f  t h e  f i n e s t ,  m o s t  e l a b o r a t e  a n d  v a l u a b l e  w o r k s  o f  a r t .  
C o n s i d e r a b l e  h i s t o r i c a l  a n d  a r c h a e o l o g i c a l  i n t e r e s t  i s  a t t a c h e d  
t o  t h e  m i n e r a l s  o f  q u a r t z  f a m i l y  w h i c h  b e i n g  h a r d  s u b s t a n c e s  
c o u l d  b e  f a s h i o n e d  i n t o  t o o l s ,  w e a p o n s  a n d  o r n a m e n t s .  O w in g  
t o  i t s  w i d e  d i s s e m i n a t i o n  i n  n a t u r e  a n d  i t s  u n s u r p a s s e d  b e a u t y  
o f  i t s  c r y s t a l l i n e  f o r m s ,  q u a r t z  h a s  b e e n  a d m i r e d  b y  m e n  s i n c e  
r e m o t e  a n t i q u i t y .  . T o  t h e  p r e s e n t  d a y  r o c k  c r y s t a l  c o n t i n u e s  
n o t  o n l y  t o  c a p t i v a t e  a n d  h o l d  i n t e r e s t  o f  a l l  m i n e r a l  l o v e r s ,  
b u t  a l s o  t o  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  m o d e m  s c i e n c e  a n d  
i n  m a n y  i n d u s t r i e s  c a r r i e d  o n  i n  o u r  e x c e e d i n g l y  c o m p l e x  
c i v i l i z a t i o n .
V a r i e t i e s  o f  q u a r t z  c a n  b e  b r o a d l y  d i v i d e d  i n t o  tw o  
c l a s s e s  ( i )  t h e  c r y s t a l l i n e ,  t h o s e  w h i c h  h a v e  d e f i n i t e  i n t e r n a l  
m o l e c u l a r  s t r u c t u r e  ( i i )  a n d  t h e  a m o r p h o u s ,  w h i c h  d o  n o t .
#
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B o t h  f o r m s  p o s s e s s  c e r t a i n  p r o p e r t i e s  i n  co m m o n . Q u a r t z  i s
p r a c t i c a l l y  I n s o l u b l e  i n  a l l  a c i d s ,  a l t h o u g h  i t  m a y  b e  r e a d i l y
d i s s o l v e d  i n  c e r t a i n  a l k a l i n e  s o l u t i o n s .  T h i s  w i t h  i t s
p h y s i c a l  h a r d n e s s  o f  ( 7 )  o n  t h e  M o h * s  s c a l e ,  i s  s u f f i c i e n t  t o
e n a b l e  i t  t o  w i t h s t a n d  s u c c e s s f u l l y  m o s t  o f  t h e  o r d i n a r y
a g e n c i e s  o f  w e a t h e r i n g .  T h u s  t h e  p r o c e s s  o f  d i s i n t e g r a t i o n  
y*
a n d  e r ^ o s i o n  a r e  g r e a t l y  r e t a r d e d  o w in g  t o  t h e  f a c t  t h a t  i t s  
s i l i c o n  a to m  a l r e a d y  h o l d s  a l l  o f  t h e  o x y g e n  i t  d e s i r e s ;  q u a r t z  
d o e s  n o t  o x i d i z e  r e a d i l y .  T h e  s p e c i f i c  g r a v i t y  o f  q u a r t z  
v a r i e s  c o n s i d e r a b l y  e v e n  f o r  d i f f e r e n t  s a m p l e s  o f  t h e  sam e  
v a r i e t y .  T h e  p u r e s t  q u a r t z  h a s  a  s p . g r .  o f  2 .6 9  w h i l e  t h e  
o t h e r  v a r i e t i e s  r a n g e  f r o m  2 .5  t o  2 .8 . T h i s  r a t h e r  w id e  r a n g e  
i n  s p . g r .  m ay  b e  a c c o u n t e d  f o r  b y  v a r y i n g  q u a n t i t i e s  a n d  t y p e s  
o f  I n c l u d e d  i m p u r i t i e s ,  a s  w e l l  a s  b y  v a r i a t i o n s  i n  i t s  p h y s i c a l  
c o i r p a c t n e s s .  P o r o s i t y  a n d  m i c r o s c o p i c  v e s i c l e s  o f  a i r  o r  
o t h e r  o c c l u d e d  s u b s t a n c e s  a l s o  h a v e  t h e i r  e f f e c t  n o t  o n l y  o n  
t h e  s p . g r . ,  b u t  a l s o  o n  i t s  o p t i c a l  a n d  e l e c t r i c a l  p r o p e r t i e s .
S i l i c a ,  SiOg c r y s t a l l i z e s  in  th r e e  form s a s  q u a r tz ,  
t r id y m ite  and c r i s t o b a l i t e .  Each o f  th e se  c r y s t a l s  h as  a 
h ig h  and low te rq p e ra tu re  m o d if ic a t io n . In  q u a r tz ,  f o r  exam ple, 
th e  low tem p e ra tu re  d. m o d if ic a t io n  changes in to  ^  m o d ific ­
a t io n  a t  573^0. Q uartz  i s  a w id e ly  d i s t r i b u t e d  m in e ra l and 
grows under a wide range o f  c o n d i t io n s .  S y n th e tic  q u a r tz  
c r y s t a l s  have a ls o  b een  grown in  th e  la b o ra to r y  betw een tem per­
a tu r e s  o f  20^0 to  870^0 and betw een p re s s u r e s  o f  1 and 3000
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atm osphere (K err and A rm strong 1943) * • _ . l
T hat q u a r tz  h as  a co m p lica ted  s t r u c tu r e  h as  been  %
shown by X-r%r s tu d y  (Bragg 1925, W yckoff 1926). The s i l i c o n  ^
atom s l i e  on th re e  in t e r p e n e t r a t in g  hexagonal l a t t i c e s  w hich 
have in  th e  v e r t i c a l  d i r e c t i o n  a s p i r a l  arrangem ent w ith  r e s ­
p e c t  to  each  o th e r .  The oxygen atom s a re  a p p a re n tly  grouped
I
in  a t e t r a - h e d r a l  m anner abou t th e  s i l i c o n  atom s. The u n i t  
c e l l  c o n ta in s  th re e  s i l i c o n  atom s. S in ce  a s i l i c o n  atom has 
a h a l f - s h a r e  o f  e a ch  o f  i t s  fo u r  su rro u n d in g  Og -  a tom s, th e  
S i -  Og r a t i o  i s  obeyed. The ^  -  q u a r tz  h as a 3  ^ a x is  
w hereas i t s  enantiom orphous ty p e  h as  32 a x i s .  The / 3 -  q u a r tz  
s im i l a r ly  h as  a 6g -  a x is  and i t s  enan tiom orphous has a 6|^ 
a x i s .  Thus ^  -  q u a r tz  p o s s e s s e s  T ra p ezo h ed ra l Rhorabohedral 
Symmetry and b e lo n g s  to  th e  t r ig o n a l  tra p e z o h e d ra l  c l a s s ,  32.
The b a s ic  form  o f  q u a r tz  i s  th e  hexagonal p rism  
te rm in a t in g  in  rhom bohedron. The w e ll  developed  f a c e s  o f  '
n a tu r a l  c r y s t a l s  a re  th o se  b e lo n g in g  to  th e  ^ lO lo j , ^1011^
and ^0111^ fo rm s. These a re  th e  p r ism , m ajo r rhom bohedron, 
and m inor rhombohedron form s r e s p e c t iv e ly ,  a b b re v ia te d  in  
M ier’ s n o ta t io n  to  M, R and r .  O c c a s io n a lly  a t r ig o n a l  
b ip y ram id  |l l2 1 ^  and trapeZ ohed ron  ^5161^ d e s ig n a te d  as S and 
X a re  a ls o  d is p la c e d .  They a re  a p p r o p r ia te ly  indexed  and 
a re  shown d ia g ra m a tic a l ly  in  the  P ig s .  11 , 12 , 13* The R -fa c e s  
a re  r e l a t i v e l y  l a r g e r  th an  th e  r - f a c e s  and m -faces a re  u s u a l ly  * 
s t r i a t e d .  A ccording to  S pencer (1915) m, R and r  a re  th e  on ly
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f a c e s  w h i c h  o c c u r  o n  t h e  m a j o r i t y  o f  n a t u r a l  c r y s t a l s *  E t c h i n g  
o f  t h e s e  f a c e s  a n d  o f  a  b a s a l  p i n a c o i d  i n  t h e  c a s e  o f  n a t u r a l  
q u a r t z  a n d  m* R ,  r  a n d  z  ’ ( m e c h a n i c a l l y  p o l i s h e d  f a c e )  i n  t h e  
c a s e  o f  s y n t h e t i c  q u a r t z  h a v e  b e e n  s t u d i e d  i n  t h e  p r e s e n t  w o r k .
D e s p i t e  t h e  r e m a r k a b l e  p r o g r e s s  m a d e  i n  t h e  t e c h n i q u e s  
f o r  t e s t i n g  t h e  q u a l i t i e s  o f  q u a r t z  c r y s t a l s ,  n o t a b l y  t h e  
p i e z o e l e c t r i c  c o n s t a n t ,  t h e  m o d u l u s  o f  e l a s t i c i t y ,  t h e  c o n d u c t ­
i v i t i e s  o f  h e a t  a n d  e l e c t r i c i t y  a r e  s t i l l  f o u n d  t o  v a r y  f r o m  
s p e c i r a o n  t o  s p e c i m e n  i n  q u a n t i t i e s  t o o  g r e a t  t o  b e  a s c r i b e d  t o  
e x p e r i m e n t a l  e r r o r s .  F o r  e x p l a i n i n g  s u c h  d i s c r e p a n c i e s ,  
c e r t a i n  a u t h o r s  p o s t u l a t e  t h e  e x i s t e n c e  o f  u n d e t e c t a b l e  m i c r o ­
s c o p i c  t w i n n i n g s  i n  q u a r t z ,  w h i l e  o t h e r s  t e n d  t o  b e l i e v e  t h a t  
t h e  c r y s t a l l i n e  n e t w o r k  m i g h t  s h o w  a  n u r o b e r  o f  s t r u c t u r a l  
f a u l t s  o f  w h i c h  t h e  n a t u r e  a n d  t h e  f r e q u e n c y  o f  o c c u r r e n c e  a r e  
f u n c t i o n s  o f  b o t h  t h e  c o n d i t i o n s  o f  t h e  c r y s t a l l i z a t i o n  a n d  t h e  
i m p u r i t i e s .
T h e  s t u d y  o n  t h e  q u a r t z  c r y s t a l s  c a n  b e  d i v i d e d  i n t o  
t h r e e  c l a s s e s : -
( a )  S u r f a c e  s t u d i e s  o f  t h e  n a t u r a l  a n d  s y n t h e t i c  q u a r t z .
( b )  A r t i f i c i a l  e t e l l i n g  o f  q u a r t z  t o  i n t e r p r e t  i t s  
s y m m e t r y ,  e t c . ,
( c )  D e t e r m i n a t i o n  o f  t h e  e l e c t r i c  a x e s  o f  t h e  c r y s t a l  
b y  m e a n s  o f  e t c h i n g  a n d  o t l i e r  m e t h o d s .
B r i e f l y  t h e s e  s t u d i e s  a r e  d e s c r i b e d  b e l o w
( a )  S t u d i e s  o n  t h e  s u r f a c e s  o f  n a t u r a l  q u a r t z  h a v e  b e e n
c a r r i e d  o u t  b y  K a l f c (  1 9 3 0 -3 4 ), T o l a n s k y  (194 5 ), G r i f f i n  (1950)
■ :  ■ r -
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and W i l l i s  (1952) who ex ten d ed  th e s e  s tu d ie s  to  th e  s u r fa c e s  
o f  s y n th e t ic  c r y s t a l s  as w e l l .  Tlie main p ro p o r t io n  o f  Kaljik* s 
work was c o n f in e d  to  th e  R and r  f a c e s ,  a lth o u g h  m -faces  and 
fa c e s  o f  trap e zo h ed ro n  and sca len o h ed ro n  form s were a ls o  
s tu d ie d .  He was p r im a r i ly  i n t e r e s t e d  i n  th e  " v ic in a l  
phenomenon" o f  th e s e  f a c e s ,  and in  th e  a c c u ra te  d e te rm in a tio n  - 
o f  th e  v a lu e  o f  th e  a x ia l  r a t i o  frcxn th e  gon io m etrio  
s ig n a ls  o f  th e  v i c in a l  f a c e s .  He d isc o v e re d  t h a t  th e  v i c i n a l  
f a c e s  o f  any g iv en  h a h i t  fa c e  o cc u rred  in  s e t s  o f  th r e e ,  
a ltiio u g h  in  c e r t a i n  s p e c ia l  c a se s  one o r  two o f  th e  s e t  were 
a b se n t;  and each  s e t  c o n s t i tu te d  th e  th re e  s id e s  o f  low grow th  
py ram ids.
T olansky  s tu d ie d  th e  topography  o f  a sirag le  R -face  
o f  a le f t -h a n d e d  q u a r tz  c r y s t a l  by means o f  m u ltip le -b eam  
in te r f e ro m e try .  S e n s i t i v i t y  o f  th e se  in te r f e r e n c e  f r in g e s  i s  
BO g r e a t  t h a t  he was a b le  to  show t h a t  th e  v i c in a l  f a c e s  were 
n o t t r u l y  p lan e  and had a s l i g h t  c y l i n d r i c a l  c u rv a tu re  w ith in  
a r a d iu s  o f c u rv a tu re  o f  20-60 m e tre s . The an g le  betw een 
a d ja c e n t  v i c i n a l  f a c e s ,  a s  m easured a lo n g  t h e i r  l i n e  o f  i n t e r ­
s e c t io n ,  was found to  in c re a s e  in  th e  v i c i n i t y  o f th e  summit 
o f  th e  grow th pyram id .
G r i f f in  o b served  a s te p  s t r u c tu r e  on s e v e ra l  rhombo- 
h e d r a l  f a c e s ,  w hich was p ro b ab ly  p roduced  by tiie growtii s h e e t 
b o u n d a r ie s .
W i l l i s  found th a t  tlie  g e n e ra l  f e a tu r e s  o f  th e  two
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rhombohedron fa c e s  were s im i la r .  The o r ig in  o f . t h e  s t r i a t i o n s  
on th e  p rism  f a c e s  have been  a t t r i b u t e d  to  th e  e x is te n c e  o f  th e  
g row th  pyram ids (P raag  and W il l ie  1952) on th e  p rism  f a c e s ,  
fb) . Q uartz  i s  one o f th e  few m in e ra ls  w hich  were f i r s t  
p u t  to  th e  s c i e n t i f i c  a p p l ic a t io n  o f th e  e toh -m ethod . The 
f ig u r e s  p roduced  on q u a r tz  c r y s t a l  by  H .P . a c id  a re  d i f f e r e n t  
on s u r f a c e s  c u t In  d i f f e r e n t  o r i e n t a t i o n .  T h is  f a c t  f i r s t  
o b served  by L ey d o lt (1855) was a f te rw a rd s  s tu d ie d  by  M o len g ra ff 
(1888) who e tc h e d  i t  in  a  s o lu t io n  o f  KgCO^ o r^ th e  m ix tu re  o f  
th e  tw o, s a tu r a te d  a t  a te iq p e ra tu re  o f  200®C in  an i r o n  tube  
f o r  5 h r s .  E tc h - f ig u r e s  were form ed on a l l  f a c e s .  The main 
r e s u l t s  o f  eagierim ents a re  as  fo llo w s
(1) The p rism  fa c e s  (m), and rhom bohedron f a c e s  (H, r )  
e tc h  in  th e  d e c re a s in g  o rd e r .
(2) Seven main e tc h in g  zones were d i s t in g u is h e d ,  
^ V ,J ,} { 1 1 2 0 ) , {3583}, {1122}, {2133} ,  {3143} ,  and {371Ô3}.
The a r t i f i c i a l  e tc h in g  o f  a q u a r tz  sph ere  w ith  H P 
a c id  has been d e s c r ib e d  by O tto  Mayer & P e n f ie ld  (18Ô9). In  
1910 Ichikaw a made s im ila r  ex p e rim e n ts  by e tc h in g  Japanese  ro ck  
c r y s t a l  w ith  H P a c id  and observed  an i n t e r e s t i n g  new fo m  o f  
e le v a t io n s  and a few new v a r i e t i e s  o f  p i t s .  Ichikaw a (1915) 
concluded  t h a t  th e  symmetry o f  th e  p i t s  on th e  c r y s t a l  f a c e s  
co rre sp o n d  to  th e  tra p e z o h e d ra l  symmetry. The p i t s  on th e  
R, r ,  s -  f a c e s  co u ld  be form ed by d i l u t e  H P a c id ,  b u t th o se  
on th e  m -faces  cou ld  be o b ta in e d  by on ly  p u re  a c id . I t  may
3k
be i n t e r e s t i n g  to  n o te  t h a t  t h i s  r e s u l t  i s  in  c o n t r a d ic t io n  
to  t h a t  o f  W o len g ra ff and a ls o  confirm ed  in  th e  p re s e n t  work 
Which su g g e s ts  t h a t  m -faces  e tc h  r e a d i ly  when e tc h e d  w ith  
a lk a l in e  s o lv e n ts .  .
In  o rd e r  to  e x h a u s t th e  p r a c t i c a l  p o s s i b i l i t i e s  o f  
e tc h  p a t t e r n s .  Bond (1938) e tc h e d  a s p h e r ic a l  su rfa c e  o f  q u a r tz  
and re c o rd e d  a l l  th e  d i s t i n c t  p a t t e r n s .  A hollow  s e c t io n  o f  
a r ig h t-h a n d e d  q u a r tz  s l i g h t l y  l e s s  th a n  a hem isphere , w ith  
th e  in s id e  p r o te c te d  w ith  p a r a f f i n  and o u ts id e  ground w ith  
400 carborundum  was e tc h e d  f o r  an hour in  com m ercial H P a c id .  
In  a l l  36 p ic tu r e s  a re  g iv e n .
(c ) The p i e z o e l e c t r i c  p ro p e r ty  o f  q u a r tz  and o th e r
m a te r ia l s  was f i r s t  d is c o v e re d  by P i e r r e  and Jacques (1880)•
F o r o v e r th r e e  decades t h i s  p i e z o e l e c t r i c  p ro p e r ty  was n o th in g  
more th a n  a s c i e n t i f i c  c u r io s i t y .  Pew a p p l ic a t io n s  w ere made 
o f  th e  e f f e c t ,  e x c ep t in  v a r io u s  in s tru m e n ts  f o r  la b o ra to ry  
w ork, u n t i l  th e  p i e z o e l e c t r i c  p r o p e r t i e s  o f  q u a r tz  were u sed  
by L angvin  (1918) to  p roduce u l t r a s o n ic  waves f o r  th e  d e te c t io n  
o f  su b m arin es , by Cady (1923) f o r  th e  p ro d u c tio n  o f  freq u en cy  
s ta n d a r d s ,  f o r  freq u en cy  s t a b i l i z a t i o n  and a s  a means o f  
g e n e ra t in g  e l e c t r i c  o s c i l l a t i o n s .  S ince  th e n , th e  u se  o f 
p i e z o e le c t r i c  q u a r tz  f o r  w ir e le s s  p u rp o se s  has been  developed  
v ery  e x te n s iv e ly .  Owing to  the  a n is o t r o p ic  n a tu re  o f  q u a r tz ,  
i t s  u se  f o r  making in s tru m e n ts  o f te n  r e q u i r e s  a p r e c is e  
knowledge about th e  hom ogeneity o f  th e  c r y s t a l  as w e ll  as th e
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d l r e o t io n  o f  th e  o p t ic  and e l e c t r i c  a x e s . The o p t ic  a x is  
o f  q u a r tz  may he e a s i l y  de te rm in ed  hy means o f  p o la r l s c o p e ,  
and th e  method cwranonly u se d  f o r  th e  d e te rm in a tio n  o f  th e  
e l e c t r i c  euces i s  to  i n f e r  from  the  c h a r a c t e r i s t i c  c r y s t a l l i n e  
form . T h is  m ethod, though  s im p le , i s  n o t  a p p lic a b le  to  th e  
case  where th e  u s e f u l  c r y s t a l l i n e  c o n to u r  h as  been l o s t .  The 
case  in  w hich th e  s u r fa c e  o f  th e  q u a r tz  c r y s t a l  i s  norm al to  
th e  o p t ic  a x is  g iv e s  v e ry  i n t e r e s t i n g  e t c h - p a t t e m  when e tc h e d  É 
w ith  H P a c id .  The e tc h in g  p a t t e r n  c o n s i s t s  o f  p r o je c t in g  
t r i a n g u l a r  p y ram ids. These have been  s tu d ie d  by A rsandaux 
(1928 ), Pan Tcheng Kao (1931) and A. de Graroont (1931, 35)•
A new e tc h in g  method when a Z -cu t p l a t e  i s  s u b je c te d  to  th e  
a c t io n s  o f H P a c id  and e l e c t r i c  f i e l d  s im u lta n e o u s ly , has 
been  developed  by Choong (1944) to  d e te rm in e  th e  e l e c t r i c ,  axes 
and to  d e te c t  th e  c r y s t a l l i n e  d e f e c t s .
I t  i s  s u r p r i s in g  t h a t  one f in d s  a v ery  meagre 
l i t e r a t u r e  on the  e tc h in g  o f q u a r tz  c r y s t a l s  e s p e c ia l ly  
co n c e rn in g  th e  fo llo w in g  q u e r ie s :
(1) What i s  th e  p o in t  o f  o r ig in  o f  an e t c h - p l t ?
(2) What i s  th e  d i s t r i b u t i o n  o f  e t c h - p i t s  on a 
c r y s t a l  fa ce?  ,
(3) What a r e . t h e  m ic ro sco p ic  and su b -m ic ro sco p ic  , . ’
* flaw s in  a c r y s t a l ,  w hich p ro v id e  read y  p o in t s
o f  a t ta c k  to  th e  s o lv e n t  m o le c u le s .
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(U ) How d o  t h e  d i f f e r e n t  t w i n  b o u n d a r i e s  o n  'p ■ 
t h e  d i f f e r e n t  f a c e s  o f  t h e  r i g h t - h a n d e d  
a n d  l e f t - h a n d e d  c r y s t a l s  r e s i s t  t h e  e t c h i n g ?
S i n c e  w e h a v e  a t  o u r  d i s p o s a l  m u c h  m o r e ’ p o w e r f u l  ^
o p t i c a l  t e c h n i q u e s  t h a n  w e r e  a v a i l a b l e  t o  t h e  e a r l i e r  w o r k e r s ,  
i t  h a s  n o w  b e e n  p o s s i b l e  t o  s t u d y  t h e  e t c h i n g  i n  t h e  e a r l i e r  ^  
a n d  m o r e  i n t e r e s t i n g  s t a g e s .  A s y s t e m a t i c  s t u d y  o f  t h e  -  ^
i
e t c h i n g  o f  q u a r t z  ( N a t u r a l  a n d  s y n t h e t i c )  h a s  b e e n  u n d e r t a k e n  '  
a n d  c o m p r i s e s  a  m a j o r  p a r t  o f  t h i s  t h e s i s .  A n  e a s y  m e t h o d  o f  
d e t e i T O i n i n g  t h e  e l e c t r i c  a x e s  b y  e t c h - f l g u r e s  i s  a l s o  s u g g e s t e d .  ;
(Sfe«,3
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CHAPTER IV.
ET0H-PI0URE3 ON DIPPERETIT F 
THE DETERMINATION 0S~ I
4 .1 .  In tro d u c tio n »  The a l l o c a t io n  o f  a  p a r t i c u l a r  su b s tan ce  
to  I t s  p ro p e r  c l a s s  by o b s e rv a tio n  o f  th e  g e n e ra l  form , i s  n o t 
alw ays f e a s i b l e .  The c r y s t a l s  may show on ly  s p e c ia l  fo rm s, 
and no s p e c ia l  form  i s  u n iq u e ly  c h a r a c t e r i s t i c  o f  one c l a s s ,  
though  som etim es a p a r t i c u l a r  com bination  o f  s p e c ia l 'f o rm s  may 
be so . Even i f  f a c e s  o f g e n e ra l  form s a re  p r e s e n t ,  t h e i r  
p r e c i s e  i d e n t i f i c a t i o n  may be a m a t te r  o f  d i f f i c u l t y  in  system s 
o f  low symmetry. To meet th e s e  d i f f i c u l t i e s ,  c r y s ta l lo g r a p h e r s  
have developed  a number o f a u x i l i a r y  l i n e s  o f  ap p ro ach , o f  w hich 
fo u r  a re  o f  g r e a t  im portance :
(1) X -ray  d i f f r a c t i o n  te c h n iq u e s  (2) O p tic a l  a c t i v i t y
(3) P i e z o - e l e c t r i c i t y  and p y r o - e l e c t r i c i t y  (4) E tc h - f ig u r e s .
Each method has i t s  own l i m i t a t i o n s .  In  X -ray  
d i f f r a c t i o n  p a t t e r n ,  i t  i s  im p o ss ib le  to  t e l l  w hether th e  
c r y s t a l  h as a c e n tr e  o f  aynrie try  o r  n o t .  The phenomenon o f
a
p i e z o - e l e c t r i c i t y  i s  o f  inm ense p r a c t i c a l  i i # o r ta n c e  in  c r y s t a l s  
p o s s e s s in g  a s t r u c tu r e  la c k in g  a c e n tre  o f  symm etry. The 
e t c h - f ig u r e s  a f f o r d  a good d e a l  o f  in fo rm a tio n  in  th e  case  o f  
p o la r  c r y s t a l s  and supp ly  in v a lu a b le  a id  in  a symmetry i n t e r ­
p r e t a t i o n .  JU st a s  fR tre g u la r  geom etry and e x te r n a l  symmetry 
o f  a  c r y s t a l  a re  an e jg r e s s io n  o f  th e  o rd e r ly  manner in  w hich 
th e  u n i t s  o f  c o n s t ru c t io n  a re  b u i l t  up d u rin g  g row th  o f  th e  
c r y s t a l ,  so a ls o  when a c r y s t a l  i s  a t ta c k e d  by  a s u i t a b le
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s o lv e n t ,  th e  d i s s o lu t io n  ta k e s  p la c e  i n  a manner w hich i s  
r e l a t e d  to  th e  u n d e r ly in g  s t r u c tu r e .  The s o lu t io n  c a v i t i e s  
a re  known a s  e t c h - f ig u r e s .  T h e ir  p a r t i c u l a r  shapes a re  
p a r t l y  dependent on such  f a c to r s  a s  th e  n a tu re  o f th e  s o lv e n t  
and i t s  c o n c e n tra t io n , h u t  th e  symmetry o f t h e i r  shape on 
d i f f e r e n t  c r y s t a l  f a c e s  may be c o n s id e re d  a s  an in d ic a t io n  o f  
th e  syrrrmeti^'' o f  th e  u n d e r ly in g  s t r u c t u r e .  ;
From th e  e tc h in g  ex p e rim en ts  c a r r i e d  o u t on /  -  q u a r tz  
c r y s t a l s  b o th  r i g h t -  and le f t - h a n d e d ,  an a tte m p t i s  made to  
d e te rm in e  th e  raaxinpim p o s s ib le  symmetry o f  th e  c r y s t a l .  In  * 
a d d i t io n ,  t h i s  s tu d y  i s  h e lp f u l  in  d e c id in g  w hether a p a r t i c u l a r  
c r y s t a l  i s  r ig h t-h a n d e d  o r  le f t - h a n d e d .
4#2. E x p erim en ta l P ro ced u res  The e tc h in g  o f  q u a r tz  c r y s t a l s  
o f  b o th  ty p e s  was done in  fu se d  NcwOH a s  w e ll  as  in  a s o lu t io n  
o f  N<v OH in  w a te r  a t  d i f f e r e n t  te m p e ra tu re s  (150^ -  270^0) f o r  5  
f a i r l y  lo n g  i n t e r v a l s  o f  tim e . B efo re  e tc h in g ,  th e  m ic ro - 
topog raphy  o f  the v a r io u s  f a c e s  o f th e se  c r y s t a l s  was s tu d ie d  
em ploying u s u a l  m ic ro sco p ic  and m u ltip le -b eam  in te r f e r o r a e t r ic  
te c h n iq u e s . A f te r  ev ery  s ta g e  o f  e tc h in g  ( d i f f e r e n t  f o r  
d i f f e r e n t  c r y s t a l s ) , v a r io u s  f a c e s  w ere a g a in  exam ined. A 
s y s te m a tic  re c o rd  o f  th e  developm ent o f th e  e tc h - f ig u r e s  on 
d i f f e r e n t  f a c e s  was made f o r  th e  d i f f e r e n t  s ta g e s  o f  experim en t­
a t io n .  The o b s e rv a tio n s  w i l l  be d e s c r ib e d  s e p a ra te ly  f o r  
th re e  d i f f e r e n t  c r y s t a l s .
It;
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CRYSTAL KO. 5 . (L eft-h an d ed )
4# 3# O b s e r v a t i o n s .  T h i s  i s  a  s i n g l e  c r y s t a l  e x h i b i t i n g  t h e  
u s u a l  f o r m s  o f  m , R a n d  r  f a c e s .  E x c e p t  f o r  t h e  t h r e e  p r i s m  
f a c e s  a l l  t h e  r e m a i n i n g  f a c e s  o f  t h i s  c r y s t a l  a r e  b r i g h t .
T h e  m a j o r  rh o m b  o h e  d r  o n  f a c e s  a r e  r e l a t i v e l y  b r i g h t e r  a s  
c o m p a r e d  w i t h  t h e  m i n o r  r h o m b o h e d r o n  a n d  p r i s m  f a c e s .
Priam  fa c e s  (m^, and ro^) |1010^
T h e s e  a r e  t h e  t h r e e  a l t e r n a t e  p r i s m  f a c e s .  T h e y  
h a v e  b e e n  c o n s i d e r e d  t o g e t h e r  b e c a u s e  t h e  g e n e r a l  e t c h - p a t t e m  
o n  t h e s e  f a c e s  i s  a l m o s t  s i m i l a r .
A ty p i c a l  m icrog raph  o f  a p rism  fa c e  (m^) i s  shown 
in  f i g .  14 . The fa c e  i s  b r ig h t  and i s  marked by c h a r a c t e r i s t i c  
s t r i a t i o n s  p a r a l l e l  to  th e  t o i i o ]  d i r e c t i o n .  The c r y s t a l  was 
e tc h e d  in  a m ix tu re  o f  20 gms o f  KaJOH and 2 c c . o f  d i s t i l l e d  
w a te r  a t  175^0 f o r  90*. The p a t t e r n  developed  on th e  su rfa c e  
a s  a r e s u l t  o f  th e  a c t io n  o f th e  e tc h a n t  i s  shown in  f i g . 15 (a ) .  
The e t c h - p i t s  a re  n o t w e ll  developed  and a re  randomly d i s t r i ­
b u te d  o v e r th e  e n t i r e  f a c e .  One can see a group o f e t c h - p i t s  
( 2 .5 ^  lo n g )fo rm in g  a l i n e a r  c h a in . Such s t r u c tu r e  su b seq u en tly  
d ev e lo p s  a f t e r  1 hou r o f  f u r th e r  e tc h in g  in to  an a r ra y  o f w e ll 
d e f in e d  p i t s  a s  shown in  f i g .  15 ( b ) . In  a d d i t io n ,  th e re  are
• V
a number o f w e ll  d eve loped  e tc h  p i t s  d i s t r i b u te d  a lm ost a l l  
ov er th e  s u r f a c e .  The p i t s  a re  bounded by fo u r  cu rved  fa c e s  
g iv in g  an appearance o f  an i r r e g u la r  fo u r  s id ed  d e p re s s io n  
(P ig . 1 6 ) . The co rre sp o n d in g  p a t t e r n s  on m^ and mg a re  shown
n V.I75-
«‘-r- 'S
I
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In  f i g s .  17 and 18 (h ) . F ig .  18 (a) i s  a m icrograph  o f the  
d u l l  fa c e  (mg) b e fo re  e tc h in g . I n c id e n ta l ly  i t  may be o f 
i n t e r e s t  to  p o in t  o u t t h a t  th e  d u l ln e s s  o f  th e  face  i s  due to  
e i t h e r  n a tu r a l  e tc h in g  o r a s  a r e s u l t  o f  th e  adsorbed  
im p u r i t ie s  o f su b s tan ce s  l i k e  c h lo r i t e  w hich su b seq u en tly  go t 
d is s o lv e d  in  w a te r .  The n a tu re  and th e  shape of the  p i t s  i s
e s s e n t i a l l y  s im i la r .  The d ep th  and th e  s iz e  o f  th e  e tc h  p i t s
a f t e r  two h o u rs  o f e tc h in g  i s  more o r l e s s  th e  same a l l  over 
th e  f a c e ,  5 to  6 in  d ep th  and has an a re a  o f about *ol cm . 
P ig s .1 9  ( a ,b ,c )  a re  th e  l i g h t  p r o f i l e  and l i g h t - c u t  p ic tu r e s  
over an e tc h  p i t  raarlced P in  th e  f i g .  17# These p r o f i l e  
p h o to g rap h s g ive  th e  t r u e  co n to u r p ic tu r e  o f th e  p i t  w hich i s  
f la t-b o t to m e d . The base  o f th e  p i t  i s ,  hovyever, n o t p a r a l l e l  
to  th e  g e n e ra l  su rfa c e  o f  th e  c r y s t a l  b u t  i s  in c l in e d  to  i t  a t  
an an g le  o f  11° n e a r ly . From the  o r ie n ta t io n  o f th e  e tc h  p i t s  
i t  ap p ears  t h a t  th e re  i s  n e i th e r  a syianetry a x is  p e rp e n d ic u la r  
to  th e  fa c e  n o r any p lan e  o f symmetry.
P rism  fa c e s  (m ., ra, and m^) i o l i o ]  ^
Two o f th e se  f a c e s  (m^  and m^^ a re  d u l l  in  appearance 
and ro^  i s  c ro sse d  over by a number o f f in e  s c ra tc h e s  ( F ig .2 0 j \  
A f te r  two h o u rs  o f  e tc h in g , th e  e n t i r e  fa c e  i s  covered  alm ost 
u n ifo rm ly  by f in e  and f a i r l y  w e l l -d e f in e d  e t c h - p i t s  (F ig s . 21a,h) 
I t  may be n o ted  t h a t  th e re  i s  a p r e f e r e n t i a l  a lignm ent o f  e tc h
\
p i t s  a lo n g  th e  s c r a tc h e s .  F ig s .  22 (a ,b )  which show th e  n a tu re  
o f  th e  s u rfa c e  and in te rfe ro g ra ra  over i t  a f t e r  90* o f  f u r th e r
9ys ^(0
R’<jurC *
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e tc h in g . The e tc h  p i t s  b e in g  so numerous t h a t  th ey  tend  to  
merge in  one a n o th e r  and th e r e f o r e  do n o t le n d  them selves to  
a c c u ra te  m easurem ents o f  t h e i r  d e p th s . The d ep th  o f th e  e tc h  
p i t s  v a ry  g e n e ra l ly  betw een 1 to  3 /^ • The co rresp o n d in g  
p a t t e r n  o v er th e  ro^-face i s  shown in  f i g .  23# The g e n e ra l 
appearance  o f  th e  p i t s  i s  e s s e n t i a l l y  s im i la r .
In  c o n c lu s io n  th e r e f o r e ,  th e  e tc h  p i t s  on a l t e r n a te  
p rism  fa c e s  a re  s im i la r .  Thus, on m^, m^ and ra  ^ f a c e s ,  p i t s  
o f  one p a r t i c u l a r  shape and g e n e ra l ly  o f th e  same dep th  a re  
ob se rv ed , w hereas on m^, m^ and mg fa c e s  p i t s  w hich are  r e la te d  
to  th e  p i t s  on m^,m^ and ra  ^ by 180° r o t a t i o n  a re  seen . These 
th e r e fo re  in d ic a te  a d ia d  a x is  p a s s in g  th rough  th e  edges o f 
th e  p rism  fa c e s  o f q u a r tz .  Thus th e re  a re  th re e  d ia d  ax es .
I t  may be p o in te d  o u t t h a t  th e  p rism  fa c e s  have no p a r t i c u l a r  
symmetry e lem en t.
M ajor rhombohedron f a c e s . ^ 0 1 1
The e tc h  p a t t e r n  on th e  th re e  m ajor rhombohedron 
f a c e s  b e in g  s im i la r ,  on ly  one fa ce  i s  d is c u s se d  h ere  in  some 
d e t a i l . . Here a g a in , th e  s c ra tc h e s  a re  e tch e d  p r e f e r e n t i a l l y .  
P ig .  24 shows a p o r t io n  o f  fa c e  a f t e r  2 i  h r s .  o f  e tc h in g .
The fa c e  i s  covered  w ith  a number o f e tc h  p i t s  w hich a re  
bounded by fo u r  f a c e s  w hich a re  a s  (1) p a ra lle lo g ra m  shaped 
fa c e  (2) t r i a n g u la r  fa c e  and (3 ) ,  (4) two curved  f a c e s .  These 
f a c e s  i n t e r s e c t  on th e  R -face  to  g ive  an appearance o f  a 
t y p ic a l  e tc h  p i t  shown in  P i g .25* A s l i g h t l y  o f f - c e n t r i c
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i l lu m in a tio n  b r in g s  ou t th e  d e ta i l s  o f an e tc h  p i t  as shown 
in  f i g .  26. An in te rfe ro g ra ra  over the  p o r t io n  o f the R -face 
shown in  f i g . 24 a f fo rd s  a p o s s i b i l i t y  o f determ in ing  the ang les j  
o f in c l in a t io n  of the  fa c e s  bounding th e  e tc h  p i t .  In  one I
ty p ic a l  case as marked IT in  f i g .  27, th e  an g les  in  th re e  
d i f f e r e n t  d ir e c t io n s  a re  6°21*, 6°30* and 6°52* w ith  a p o s s ib le  
e r r o r  o f 5* o f an a r c .  The l i g h t  p r o f i l e  p ic tu re  over the  
ty p ic a l  e tc h  p i t s  (P ig . 28) shows th a t  th e  two curved fa c e s  
bounding th e  e tc h  p i t  a re  alm ost e q u a lly  in c lin e d  and meet 
along a s t r a ig h t  edge. I t  i s  cu rio u s  to  no te  th a t  though the 
s iz e  o f th e  e tc h  p i t s  a t  t h i s  s tag e  vary  w idely , t h e i r  dep th  
i s  n e a r ly  th e  same. T h is  o b se rv a tio n  can be accounted  f o r  by 
p o s tu la t in g  in c re a sed  r e s is ta n c e  to  e tc h in g  a t  the o n se t (or 
end) o f  each la y e r .  Here ag a in , th e  e tc h  p i t s  do no t in d ic a te  
the e x is te n c e  o f any symmetry a x is  o r syimnetry p la n e s .
Minor rhombohedron f a c e s . ^01111 
The th re e  m inor rhombohedron fa c e s  e tc h  in  alm ost the 
same way in d ic a t in g  th a t  they  belong to  the same form. A f te r  
90* e tc h in g  o f one o f  th e  rhombohedral fa c e s  i s  shown in  f i g . 29# 
The face  i s  alm ost un ifo rm ly  covered w ith  shallow  p i t s .  The 
approxim ate d e n s ity  o f e tc h  p i t s  i s  10^ to  lO ^cm ^. Here 
ag a in  tiie s c ra tc h e s  seem to  be p r e f e r e n t i a l l y  e tched  (P ig . 30).
In  the same f ig u re ,  to  th e  l e f t  hand bottom, co rn er one can see 
herringbone p a t te r n  a r i s in g  ou t o f the m u ltip le  c ra c k s . At the 
l a t e r  s ta g e s  o f e tc h in g  th e se  p i t s  g ive an appearance o f
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is o c e le s  t r ia n g le s  (P ig .31) b u t as  the  d is s o lu t io n  p ro ceed s, 
i r r e g u la r  q u a d r i la te r a l  shaped p i t s  a re  seen . I t  i s  s ig n i f ­
ic a n t  to  f in d  th a t  the d e n s ity  o f the w e ll-d e f in e d  e tc h  p i t s ,
as a r e s u l t  o f devouring sm all ne igh b o u rs , has decreased  and
#
the g e n e ra l f e a tu re s  o f  the face  a re  com pletely  o b l i te r a te d .
I t  i s  in te r e s t in g  to  p o in t  ou t th a t  in  the  f a i r l y  w e ll advanced 
s ta g e s  o f e tc h in g , b /e a k s  (su rface  o r c rack  type) develop a t  
one p a r t i c u l a r  c o m er o f the  e tc h  p i t s  (P ig . 32 ). In  t h i s
c r y s ta l  which was i d e n t i f i e d  by u su a l methods a le f t-h a n d e d  
c r y s t a l ,  th e  bi^eaks as  seen in  photographs a re  clockw ise (Note, 
the l a t e r a l  in v e rs io n  in tro d u ced  by th e  p ro je c tin g  m ir r o r ) .
The dep th  o f the  e tc h  p i t s  i s  f a i r l y  h igh  a t  a very  advanced 
s tag e  o f e tc h in g  and i s  no t amenable to  accu ra te  measurements 
(P ig s .33 a , b ) . D is to r t io n  due to  th e  development o f the  
b )^ ak s  i s  a ls o  seen in  the  e to h  p i t s .
I t  may be remarked th a t  the r a te  o f  e tc h in g  on the  
m inor rhombohedral fa ce  i s  l e s s  than  th a t  on the m ajor rhombo­
hedron fa c e .
B asa l p in aco id  (0001)
A c r y s ta l  was c u t p e rp e n d ic u la r  to  the c -a x is  to  
o b ta in  a b a sa l p lane  w hich i s  no t a h a b i t  fa c e . T his was 
po lie iiod  and e tched  in  a s im ila r  way. P ig . 34 siiows t^^pical
e tc h  p a t t e r n  a f t e r  2 h r s .  o f  e tc h in g . One can re a d i ly  see
s ix - s id e d  e tc h  p i t s ,  th e  th re e  a l t e r n a te  s id e s  be ing  e q u a l.
This re v e a ls  a t r ig o n a l  a x is  p e rp e n d ic u la r  to  th e  face  w ithou t
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any p lan e  o f symmetry.
4 .4 .  C ry s ta l N o.2. (H lght-handed)
E toh lng  P ro cess : The c r y s ta l  was e tched  in  a s o lu t io n  o f
20 gms o f NO.OH and 2 cc . of w ater a t  tem pera tu res rang ing  
from 150°C to  270°C. The f i r s t  e tc h in g  was done f o r  60* a t  
a tem pera tu re  of 150° and th e  subsequent e tc h in g s  were done 
a t  170°, 190°, 210°, 230°, 250° and 270°C ., keeping th e  e tc h in g  
tim e th e  same. A f te r  every  experim ent the  c r y s ta l  was s tu d ie d  
a s  u su a l fo r  the  development o f th e  e tc h - f ig u re s .
D e sc r ip tio n : Only rhombohedral form s (R & r )  a re  w e ll-
developed . A lthough th e  fa ce s  appear t r a n s p a re n t ,  one f in d s  
a l o t  o f i r r e g u l a r i t i e s  on them^ (P ig .3 5 aJ  ig  a m icrophotograph 
re v e a lin g  the g e n e ra l c h a ra c te r  o f th e  R -face . A f te r  4 h r s .  
e tc h in g  f u l ly  m ature p i t s  develop. P ig .3 5 (b ) i s  a p r o f i l e  
p ic tu r e  showing th a t  th e  depth  o f  th e  p i t  i s  n e a rly  lyk • The 
shape o f the p i t s  i s  s im ila r  to  those  observed in  the  case o f 
le f t-h a n d e d  c r y s t a l ,  b u t th e  two s e t s  a re  the  images o f  each 
o th e r .  T h is c le a r ly  e s ta b l is h e s  th e  enantioroorphy o f the  
q u a rtz  c r y s t a l s .  A fte r  ano ther 3 h r s .  o f  e tc h in g , f i g . 36 
shows a g ig a n tic  e tc ii p i t  bounded by a la rg e  number o f  p lane  
and curved fa c e s .
Like R -face8, r - f a c e s  a lso  have a verj^ f a u l ty  su rfa c e . 
As expected  the e tc h in g  on the su rfa c e  i r r e g u l a r i t i e s  s t a r t s  
f i r s t .  P i g .37 i s  a photom icrograph showing the  e tc h  p i t s  a f t e r  
4  h r s .  e tc h in g . B esid es  th e  deep p i t s  on the  g e n e ra l s u r f a )^ ,
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ono f in d s  many rows o f shallow  and deep p i ts #  I t  i s  suggested  
th a t  th e se  a re  along  the  edges o f  the  growth sheets#  This 
seems q u ite  c o n s is te n t  w ith  th e  views o f K ossel (1927) • A fte r  
an o th e r 3 h r s .  e tc h in g  i r r e g u la r  fo u r-s id e d  e tc h  p i t s  a re  
formed showing a ls o  th e  su rface  hx^eaks s t a r t in g  from one 
p a r t i c u l a r  c o m e r . P ig . 38 (a ) i s  th e  m icrograph on a 
ty p ic a l  re g io n . The d e n s ity  o f  th e  p i t s  has become steady  
and th u s  i t  appears th a t  the g e n e ra l su rface  i s  going w44h 
d is s o lu t io n  as  a w hole. The su rface  bjf^eaks a re  aga in  seen 
accompanying th e  e tc h  p i t s  w ith  a n ti-c lo c k w ise  r o ta t io n .  This 
becomes th e  c h a r a c t e r i s t i c  o f th e  r ig h t-h a n d e d  c r y s t a l .
4 . 5 # C ry s ta l Ko# 9# (R ight-handed)
E tch in g  Process# U n-w eighted q u a n tity  o f JicJCfB was 
tak en  in  a n ic k e l  c ru c ib le  which was l e f t  f o r  some tim e in  the 
atm osphere. The so lv e n t became so ften e d  a f t e r  absorb ing  
m o is tu re . The c r y s ta l  was e tch ed  f o r  60* in  the  fu s io n  a t  a 
tem pera tu re  o f 200^0 n e a r ly  over a bunsen flam e. As u su a l the 
c r y s t a l  was c lean ed  p ro p e r ly , s i lv e re d  and then  s tu d ie d  under 
tiie m icroscope in  r e f l e c t io n .  For the  second e tc h in g  e x p e ri­
ment f r e s h  so lv e n t was taken  and the  c r y s t a l  was e tch ed  fo r  
90* a t  a tem pera tu re  o f 260^ ± 5°C ag a in  in  the bunsen flame# 
Morphology. T h is i s  a s in g le  c r y s ta l  e x h ib i t in g  the 
u su a l form s o f  m, R and r - f a c e  s . The prism  fa c e s  d id  no t 
p re se n t  good su rfa c e s  and were f u l l  o f  im p erfec tio n s  and 
c ra c k s . Only rhorabohedron fa c e s  wiiioh were b r ig h t  and 
tr a n s p a re n t  a re  co n s id e red  f o r  tiie e tc h in g  experim en ts .
I#
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Pigs* (39a,b) a re  the  m icrograph and im iltip le-beam  in t e r f e r e -  
gram o f a ty p ic a l  reg io n  o f t h i s  face  re v e a lin g  the  su rface  
topography b e fo re  e tc h in g . P ig . ' (hO) shows the  e tc h  p i t s  
a f t e r  the f i r s t  experim ent. The p i t s  a re  n e a rly  2 deep 
and have 20 to  25 ^  e x te n s io n . Though the  a t ta c k  o f the  
so lv en t i s  w idespread , one f in d s  few w e ll-d e f in e d  e tc h  p i t s  
s c a t te r e d  a l l  over the face  o f th e  c r y s t a l .  A fte r  the second 
e tc h in g  experim ent very la rg e  p i t s  are  form ed, r e s u l t in g  from 
the  a n n ih i la t io n  o f a number o f  sm all p i t s  (P ig .4 1 ). P ig . (42) 
i s  a h igh  m ag n ific a tio n  in te rfe ro g ra ra  showing a very  la rg e  p i t  
s im ila r  to  one shown in  P ig . (41)# Prom th e  P izeau  f r in g e  
p a t te r n  i t  appears t l ia t  the p i t s  a re  t r ia n g u la r  bounded by 
curved fa c e s .  The p i t  marked as N i s  10 deep and g iv es  
the  ang les o f in c l in a t io n  o f  the su rfa c e s  bounding the p i t ,  
w ith  the  f a c e ,  n ea rly  equa l to  5^18*, 6^54* and 8°24* in  th re e  
d i r e c t io n s .  P ig . (43) shows a ty p ic a l  rau ltip le-beara i n t e r f e r o -  
gram re v e a lin g  e tc h  p i t s  whose dep ths vary  from *5 to  22/%.
O f c o u r s e  t h e  d e e p e s t  a n d  t h e  l a r g e s t  p i t s  i n  t h e  m a j o r i t y  o f  
c a s e s  r e s u l t  f r o m  t h e  a n n i h i l a t i o n  o f  a  n u m b e r  o f  s m a l l e r  p i t s .  
I t  m ay  b e  p o i n t e d  o u t  h e r e  t h a t  r a u l t i p l e - b e a m  i n  t e  r f e  r  ome t r y  i s  
e a s i l y  u s a b l e  w i t h  s u c h  a  p i t  w h i c h  i s  44 l i g h t  w a v e s  d e e p  ( P ) .
( r - f a c e )
P i g .  (44) i s  a  p h o t o g r a p h  s h o w in g  t h e  t r i a n g u l a r  e t c h  
p i t s  a f t e r  t h e  f i r s t  e t c h i n g .  O ne can s e e  t h a t  t h e  p i t s  a r e
s c a t t e r e d  o v e r  t h e  s u r f a c e ,  b u t  t h e  g e n e r a l  s u r f a c e  a p p e a r s
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q u ite  unaffec ted*  T his a ls o  su ggests  th a t  com parative ly  minor 
rhombohedral fa c e s  a re  more r e s i s t a n t  to  the  a t ta c k  o f th e  
e tchan t*  E tch  p i t s  a f t e r  th e  second e tc h in g  experim ent a re  
shown in  P ig .45 (a , b ) . The su rfa ce  b reak s  can be seen 
s t a r t i n g  from one p a r t i c u l a r  c o m e r o f  the  e tc h - f ig u re s .  ^
P ig . (46) i s  a roultip le-beam  P izeau  f r in g e  p ic tu re  re v e a lin g  
a very  in te r e s t in g ,  though com plicated , m icrotopography o f the 
re g io n . Follow ing AB and CD we have two e tc h  ch an n e ls , formed 
by th e  in te rg ro w th  o f  a g re a t  number o f  p i t s .  Each channel 
p re se n ts  a d i f f e r e n t  s tag e  o f developm ent. The su rface  along  
such d i r e c t io n s  has been c a l le d  a m is f i t  a re a  in  the case o f 
Topaz by OeRertf e t  a l  (1952). They f u r th e r  p o in t  ou t th a t  
t h i s  m is f i t  a re a  i s  due to  the p resence o f v ic in a l  p la n e s  o r 
grow th pyram ids. P ig . (47) shows very  p e c u l ia r  e tc h  p i t s  on 
an o th e r face  o f t h i s  form . More or l e s s  th e  shape o f the 
p i t s  i s  s im ila r  to  those  observed on r - f a c e  s .  ' T his anomaly 
in  the  e tc h - f ig u re s  in d ic a te s  th a t  b e s id e s  the  u su a l e tc h in g  
zones, th e re  a re  some o th e rs  a lso  which a re  rev ea led  under 
some such c o n d itio n s .
4.6* C onclusions. I t  has been a lre a d y  found th a t  the  
d is s o lu t io n  v a r ie s  w ith  the c r y s ta l  form s. S ix  te rm in a tin g  
fa c e s  o f the  (^(-quartz a re  n o t o f  one form , a lthough  they  
appear to  be and th u s  a re  a f fe c te d  by the e tc h a n t d i f f e r e n t ly .
A c a r e fu l  exam ination  shows th a t  th e  e tc h - f ig u re s  on a l te r n a te  
fa c e s  a re  a l ik e  and those  on ad jac en t rhombohedral fa c e s  are
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d is s im i la r ,  in d ic a t in g  th a t  the  m o lecu lar c o n f ig u ra tio n  o f the  
p lu s  o r  minus rhom bohedral p la n e s  i s  c h a r a c te r i s t i c  and 
d i s t in c t i v e .  F u r th e r ,  the  t r ig o n a l  symmetry a x is  c i s  
c le a r ly  re v e a le d , f o r  fa c e s  b ea rin g  l ik e  e tc h in g s  tu rn  in to  
congruence a f t e r  a re v o lu tio n  o f 120° about th e  v e r t i c a l  a x is .
The shapes o f the e tc h  p i t s  on the rhom bohedral face  p o in t  
c le a r ly  th e  absence of any p lan es  o f symmetry.
The development of the  e tc h  p i t s  on a l l  the  prism  
fa c e s  fo llo w s the same sequence w ith  re sp e c t  to  t h e i r  shape, 
s i z e ,  d ep th , e t c .  The exam ination  o f th e  prism  fa c e s  w i l l  
re v e a l a l ik e n e s s  in  the e tc h in g s ; however, i t  w i l l  be observed, 
upon tu rn in g  the  c r y s ta l  about th e  v e r t i c a l  a x is , th a t  the 
f ig u re s  on fa ce s  1 , 3 and 5 a re  th e  r e c ip ro c a ls  o f those  on 
fa c e s  2, 4 and 6. Hence the  t r ig o n a l  syiœnetry o f th e  v e r t i c a l  
a x is  i s  f u r th e r  dem onstra ted . The e tc h  p i t s  on any two 
a d ja c e n t prism  fa c e s  a re  r e la te d  by a r o ta t io n  o f 180° about an 
a x is  p e rp e n d ic u la r  to  c -a x is  and p a ss in g  through the  prism  edges, 
th u s  re v e a lin g  th re e  h o r iz o n ta l  d iad  axes o f symmetry. The 
e tc h  p i t s  in  m ature s tag e  are  q u a d r i l a te r a l ,  b u t a re  n o t 
d iv i s ib le  by p la n e s  o f symmetry. Hence the c r y s t a l  fa c e s  o f 
t h i s  m inera l show no symmetry p la n e s . F u r th e r  th e  e tch in g s  o f 
one prism  face  a re  n o t m irro r images o f those  on the ad jacen t 
fa c e s ; th e re fo re  th e re  can be no symmetry p lan es  p o s s ib le  
th rough  the  prism  fa c e s .
S ix -s id e d  e tc h - f ig u re s  ( a l te r n a te  s id e s  b e in g  equal)
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o n  t h e  a r t i f i c i a l l y  p o l i s h e d  b a s a l  p i n a c o i d  (Ô 0 0 1 ) o f  t h i s  
n a t u r a l  a n d  s y n t h e t i c  g u e r t z ^ ^ a l s o  r e v e a l . a  t r i a d  a n d  t h r e e  
h o r i z o n t a l  b i n a r y  a x e s .  E v i d e n t l y  i t  d o e s  n o t '  h a v e  a n y  c e n t r e  
o f  sy T m n e try .
T h u s  f r o m  a  c o n s i d e r a t i o n  o f  t h e  e t c h i n g s  o f  t h e s e  
f o r m s  o f  <<- q u a r t z ,  . am o n g  w h i c h  t h e r e  i s  a  m u t u a l  a g r e e m e n t , "  
e v i d e n c e  i s  s e t  u p  w h ic h  c l e a r l y  p o i n t s  t o  t h e  t r i g o n a l  
h o l o a x i a l  s y m m e try  o f  q u a r t z . .
I n  t h e  c o m p a r i s o n  b e t w e e n  e t c h - p a t t e m  o n  t h e ^  - 
c o r r e s p o n d i n g  f a c e s  o f  r i g h t  a n d  l e f t - h a n d e d  c r y s t a l s ,  o n e  
f i n d s  t h a t  t h e y  a r e  t h e  m i r r o r  i m a g e s  o f  o n e  a n o t h e r . '  T h i s  
e s t a b l i s h e s  t h e  e n a n t i o r a o r p h y  o f  q u a r t z  a n d  t h u s  i t  h a s  à  
t r i g o n a l '  t r a p e z o h e d r a l  s y m m e try , a n d  b e l o n g s  t o  t h e  C l a s s  32.* 
T h e  s c h e m a t i c  d i a g r a m s  o f  t h e  e t c h - f i g u r e s  o n  t h e  
tw o  t y p e s  o f  - q u a r t z  a r e  s h o w n  i n  f i g s .  12 a n d  13#
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IK pm jTIO H  SOLuTIÜl! AT lÆÎiÿ'Éltp»ERATUHH:
5 . 1. In tro d u c tio n . The study  of e tc h in g  o f v a r io u s  fa ce s  
o f a number o f r i g h t -  and le f t-h a n d e d  q u artz  c r y s ta l s  re p o rte d  
in  th e  p rev io u s  ch a p te r showed euLmost in v a r ia b ly  th a t  to  s t a r t  
w ith  the  chem ical a t ta c k  tak es  p la c e  a t  p a r t i c u la r  s i t e s  
whereas in  the  advanced s ta g e s  o f e tc h in g  the whole su rface  
i s  f i l l e d  w ith  e tc h  p i t s .  T h is in d ic a te d  the e x is te n c e  o f 
p a r t i c u l a r  re g io n s  o f h ig h  chem ical p o te n t i a l .  I t  appeared , 
th e re fo re  th a t  i f  the c r y s t a l  i s  e tched  in  a f a i r l y  d i lu te  
s o lu tio n  and a t  a r e l a t i v e ly  low tem p era tu re , only those  
a re a s  which have h igh  chem ical p o te n t i a l  w i l l  be e tch ed  w hile 
the  r e s t  o f  the su rfa c e  should rem ain u n a f fe c te d . Prom the 
s tudy  o f  the  e tc h  p a t t e r n  under th e se  c o n d itio n s  i t  was 
expected  to  understand  the  c ry s ta llo g ra p h y  o f  the  s o -c a l le d  
a re a s  o f h igh  chem ical p o te n t i a l .
5 . 2. E tch in g  P ro ce ss . S o lu tio n  co n ta in in g  20 gras o f N OH 
and 5 c c . o f d i s t i l l e d  w a te r was used as an e tc h a n t. The 
c r y s ta l  N o .l (r ig h t-h an d ed ) was e tch ed  su c c e ss iv e ly  f o r  sh o r t 
i n te r v a l s  a t  150°0. A f te r  each  e tc h in g  experim ent th e  
c r y s ta l  fa c e s  were examined and th u s  su ccess iv e  development
o f the  e tc h  p a t te r n  cou ld  be reco rd ed . T his c r y s ta l  had very
b r ig h t  rhom bohedral f a c e s .  Prism  fa c e s  were n o t w e ll developed
and hence the o b se rv a tio n s  a re  confined  to  th ese  fa c e s  on ly .
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5*3* O bserva tions. M ajor Rhombohedron ^1013^, R ^-face .
P ig . 48 (a) shows one ty p ic a l  re g io n  over t h i s  face  
b e fo re  e tc h in g  and i t s  m icrotopography i s  re v e a le d  by the  
rau ltip le-beam  P izeau  f r in g e s  shown in  f i g .  48 (b ) . The 
crack  runn ing  ac ro ss  th e  face  i s  h e lp fu l  in  id e n tify in g  t h i s  
re g io n . Prom n e i th e r  the  m icrograph nor the  in te rfe ro g ram  
can one see any pronounced i r r e g u la r i ty ,  in  the su rface  excep t 
a fe e b le  r e c t i l i n e a r  p a t t e r n .  P ig . (49) shows the same a rea  
a f t e r  1 h r .  e tc h in g . The above mentioned r e c t i l i n e a r  p a t te r n  
becomes r a th e r  pronounced whereas the c rack  alm ost rem ains 
u n a f fe c te d . At th e  bottom  o f the same f ig u re  one can n o tic e  
a s o r t  o f  h e r r in g b o n e -p a tte rn  deve lop ing , in d ic a t iv e  o f f in e  
m u ltip le  c ra c k s . In  subsequent s ta g e s  o f e tc h in g  (P ig .50) the  
above m entioned e f f e c t s  become s t i l l  p rom inent. P ig . (51) 
shows an a d ja c e n t reg io n  on the  atme face  o f t h i s  c r y s ta l  a f t e r  
the  second s tag e  o f e tc h in g . T h is a lso  re v e a ls  s im ila r  
r e c t i l i n e a r  p a t t e r n  which i s  m arkedly seen in  th e  m agnified 
p ic tu r e  (P ig . 5 2 ).
R g-face.
I t  i s  s t r ik in g  to  no te  th a t  e s s e n t ia l ly  s im ila r  
p a t t e r n  i s  re v ea led  on t h i s  face  a ls o .  P ig . (53) shows a 
ty p ic a l  re g io n  a f t e r  the  f i r s t  e tc h in g . Indeed the  whole face  
i s  as  i t  were c ro ssed  by t h i s  p a t te r n .  T h is c ro s s -g r id  
p a t t e m  i s  made up o f  two s e t s  o f p a r a l l e l  l in e s  in c l in e d  to  
each  o th e r  a t  an ^8 2 °. Both th ese  s e ts  o f p a r a l l e l  l in e s
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a re  in c lin e d  to  edge a t  an angle o f 49° n e a r ly  and to  R/y 
edge a t  Z 7 0 ° , I t  w i l l  be in te r e s t in g  to  n o te  th a t  these  
l in e s  correspond to  the in te r s e c t io n  o f th e  a l t e r n a te  R -faces  
on t h i s  face* P ig . (54) shows the  s t a te  o f a f f a i r s  a f t e r  
3 h r s .  o f  e tch ing*
R ^ - f a c e .
A ty p ic a l  re g io n  which i s  easy  fo r  id e n t i f i c a t io n
on t h i s  face  b e fo re  e tc h in g  i s  shown in  Pig* 55 ( a ,b ,c ) .  One
can n o te  two growth pyram ids a t  the  bottcsn o f t h i s  p ic tu r e .
P ig . 55 (b) i s  a m agn ified  p ic tu r e  o f one o f th e  growth
pyram ids. N e ith e r in  t h i s  p ic tu re  n o r in  m ultip le-beam
in te rfe ro g ram  over th i s . r e g io n  (P ig .55c) any r e c t i l i n e a r
p a t t e r n  i s  seen . However, a f t e r  the  f i r s t  e tc h in g  (P ig .56)
l a s t i n g  f o r  an hour a fe e b le  r e c t i l i n e a r  p a t t e m  i s  re v ea led
on t h i s  very  re g io n , w hich becomes marked in  the subsequent
P
s ta g e s  o f  e tc h in g , (P ig .5 7 a ) . A p o r t io n  o f t h i s  ^ is m agnified
and i s  shown in  P ig . 57 (b ) . I t  i s  s ig n i f ic a n t  to  no te  th a t
s im ila r  to  R^  and Rg f a c e s ,  on t h i s  fa ce  a lso  e tc h in g  re v e a ls
s e t s  o f  p a r a l l e l  l i n e s  in c l in e d  to  each  o th e r  aga in  a t  <^82°
and to  th e  edge a t  an angle o f 49 ° . T his p a t te r n  i s  a lso
«
due to  th e  in te r s e c t io n s  o f th e  o th e r  two R -faces on t h i s  fa c e .
5. 4.  D iscu ss io n . There a re  reaso n s  to  b e lie v e  th a t  q u artz  ^  
grows by a c c re t io n  o f  la y e r s  p a r a l l e l  to  th e  rhombohedral ^
p la n e s . I f  indeed t h i s  i s  the  c a se , due to  the i r r e g u l a r i t i e s  
in  th e  v e lo c ity  of growth each o f th e  rhorabohedron fa c e s  w i l l
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be cro ssed  over by l in e s  which correspond to  the in te r s e c tio n s  
o f the o th e r two rhombohedral faces* In  f a c t  t h i s  s tru c tu re  
n a r ra te s  the h is to ry  of growth. In  conclusion , th e re fo re , i t  
may be p o in ted  out th a t  these  l in e s  mark the tra c e s  o f the 
weak p lan es  p a r a l le l  to the R-face s . Such p lanes occur under
i r r e g u la r  growth co n d itio n s  and are la y e rs  o f l a t t i c e  d iso rd e r  
s e t t in g  up a s tru c tu re  o f t h i s  type throughout the volume of 
the c r y s ta l  and thus should be etched  p r e f e r e n t ia l ly .  I t  i s  
in te r e s t in g  to  note th a t  the ex is ten ce  o f such weak p lan es 
and t h e i r  p r e f e r e n t ia l  e tch in g  in  diamond which grows a lso  by 
la y e r  d ep o s itio n  have been rep o rted  by Ramage (1956) and 
P a te l  (p r iv a te  communication) re sp e c tiv e ly .
Minor rhombohedron jO l l l^ , r^ and r^ - fa c e s .
5. 5 . O bservations. The exam ination o f the v irg in  and etched 
su rface  of r - f a c e s  f a i l e d  to  re v ea l any r e c t i l i n e a r  p a t te rn  as 
observed on R -faces of t h i s  c r y s ta l .  P ig .58 a f te r  the f i r s t
e tch in g  experim ent sliows i t s  r e s i s t i v i t y  towards the e tc h a n t, 
however, in  one p a r t ic u la r  reg io n  o f th i s  fa c e , d is c re te  e tc h  
p i t s  were formed along a number of p a r a l l e l  l in e s  in c lin e d  to  
V r  edge a t  ^ 70° and are p e r fe c t ly  in  c ry s ta llo g ra p h ic  
o r ie n ta t io n  (P ig .59)A.. P ig . 59 (&) i s  a m agnified p ic tu re  o f 
a p a r t  shown in  P ig . 59f^) In  th i s  case only one s e t  o f 
p a r a l l e l  l in e s  were observed, th a t  too over a l im ite d  reg ion . 
T his s e t  o f p a r a l l e l  l in e s  i s  due to  In te r s e c tio n  of the r^ -  
face  on th i s  fa c e .
X icnro
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An exam ination of r^ -fa c e  rev ea led  almost s im ila r  
e tc h  p a t te rn  (F ig .60 ). As in  the p rev ious case t h i s  could he 
due to  the  in te r s e c tio n  o f r^ -fa c e  a ls o . The reg ions over 
which t h i s  p a t te rn  i s  observed on r^ and rg -fa c e s  roughly 
correspond to  the in te r s e c t io n  of the same s e t  of r^ -p la n e s .
I t  i s  a lso  cu rious to  note th a t  area  of the p a t te m  on both  
r^ and rg -fao es  i s  roughly the same and r^ -fao e  does no t show 
i t  a t  a l l .  P ig . (59) g iv es  a clue to  the p o ss ib le  mechanism 
fo r  the ex is ten ce  o f th i s  e tch  p a t te rn .  In  the ce n tre  o f the 
r ig h t-h an d  edge and n ea rly  a t  the bottom  o f t h i s  p a t te rn  one 
can see a f r a c tu re .  I t  appears th a t  due to  a blow r e s u l t in g  
in  the f ra c tu re  o f the su rfa c e , th i s  p a t te m  i s  caused. I t  i s  
no t u n lik e ly  th a t  du ring  the f ra c tu re  the  c ry s ta l  s l i p s .  I f  
the s l ip  tak es  p lace  p a r a l l e l  to  the  r^ - fa c e , which i s  h igh ly  
p ro b ab le , a s e t  of l in e s  would be seen on r^ and r^ - fa c e s  bu t 
no t on r^ - fa c e . The alm ost id e n t ic a l  reg ions over which th i s  
p a t te rn  i s  observed on r^ and r^ -fa c e s  and th e i r  e q u a li ty  of 
ex ten sio n  lends support to  the p o s s ib i l i ty  o f a s e r ie s  of s l ip  
l in e s  as suggested above. In c id e n ta lly  i t  may be mentioned 
th a t  s l ip  on one rhombohedron face o f q u artz  has a lread y  been 
rep o rted  by W illis  (1952). The presence of the d is c re te  e tc h  
p i t s  along these l in e s  i s  c o n s is te n t w ith  the ideas o f Prank 
and Reed (1950). Such rows o f e tc h  p i t s  which mark the  s i t e s  
o f screw d is lo c a tio n s  along the s l ip  l in e s  have been observed 
re c e n tly  by Amelinckx (1953) though the exact r e la t io n  between
X ler^ '
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the number of e tc h  p i t s  and the number o f d is lo c a tio n s  has not 
y e t been e s ta b lis h e d . v ^
T h e  s l i p  v e c t o r  o f  t h e s e  s l i p  l i n e s  c o u l d  b e  
c a l c u l a t e d  € ç > p r o x im a te ly  f r o m  t h e  l e v e l  d i f f e r e n c e  a c r o s s
t h i s  p a t te rn .  P ig . 61 i s  a m ultiple-beam  P izeau p ic tu re  over
’ '  *; ^
the reg ion  shown in  P ig . 59. This p ic tu re  c le a r ly  shows th a t  
the le v e l  o f the c ry s ta l  g rad u a lly  f a l l s  down ac ro ss  these  
l in o s ,  which a lso  supports  the conclusions a lready  drawn. An 
a d d itio n a l f a c t  which supports the  above conclusion  i s  th a t  
these  s l ip  l in e s  are  only observed on one side  o f the twin 
boundary whose s tru c tu re  i s  s im ila r  to  th a t  o f r - f a c e s .
5*6. Conclusion. The s l ip  p a t te rn  i s  obviously no t r e la te d  
to  the  growth fe a tu re s  and which we te n ta t iv e ly  describe  as 
the deform ation bend as a r e s u l t  o f s lip p in g  of the  c r y s ta l  
in  a d ire c tio n  p a r a l l e l  to  the  minor rhorabohedral p lan e . I t  
i s  suggested th a t  t h i s  s l ip  looks s im ila r  to  the type o f s l ip  
th a t  one g e ts  in  m etal c r y s ta ls  when deformed by an inden t­
a t io n . But such a phenomenon cannot be exp la ined  fo r  a 
c r y s ta l  l ik e  q u artz  when deformed a t  room tem peratures in  
t h i s  way. E f f o r ts  to  produce a s im ila r  th in g  f a i le d  and 
th e re fo re  th i s  must have happened when the c r y s ta l  was a t  a 
h igh  tem perature and behaved in  the  p la s t i c  manner.
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CHAPTER V I .
ETCHim OP SYNTHETIC QUARTZ
6 .1 .  I n t r o d u c t i o n .  T h e  m e th o d  o f  g r o w in g  q u a r t z  c r y s t a l s  i n  
a  l a b o r a t o r y  f o r  m u l t i f a r i o u s  i n d u s t r i a l  a p p l i c a t i o n s  h a s  . 
a t t r a c t e d  g r e a t  a t t e n t i o n  d u r i n g  t h e  l a s t  fe w  y e a r s .  W i l l i s  
( 1 9 5 2 )  c a r r i e d  o u t  o p t i c a l  a n d  i n t e r f e r o m e t r i e  s t u d i e s  o n  tw o  
t y p e s  o f  s y n t h e t i c  q u a r t z  c r y s t a l s .  He f o u n d  a  f e w  i s o l a t e d  
n u c l e i  o f  s y n t h e t i c  g r o w th  o n  t h e  o r i g i n a l l y  g r o u n d  s u r f a c e  
a n d  a l s o  som e t r i a n g u l a r  m a r k i n g s  b e l i e v e d  t o  b e  d u e  t o  e t c h i n g  
a t  t h e  e n d  o f  g r o w t h .  He a l s o  f o u n d  t h a t  u n l i k e  n a t u r a l  
q u a r t z  c r y s t a l s ,  s y n t h e t i c  c r y s t a l s  sh o w e d  g r o w th  c o n e s  
i n d i c a t i n g  t h a t  t h e  g r o w th  s h e e t s  a r e  m o re  o r  l e s s  c i r c u l a r .
No s t u d y  o f  e t c h i n g  o f  s y n t h e t i c  q u a r t z  l i a s  s o  f a r  b e e n  d o n e .
T h e  r e s u l t s  r e p o r t e d  i n  t h i s  c h a p t e r  sh o w  t h a t  a l t h o u g h  t h e  
g r o w t h  f e a t u r e s  a r e  d i f f e r e n t  o n  s y n t h e t i c  a n d  n a t u r a l  c r y s t a l s ,  
t h e  e t c h  p a t t e r n s  o f  b o t h  o f  . t h e m  a r e  a l m o s t  i d e n t i c a l  a s  i s  
i n d e e d  t o  b e  e jq p e c t e d .
6 .2 . Morphology o f C ry s ta l. The sy n th e tic  c r y s ta l  examined 
here was grown on a seed p la te  cu t p e rp en d icu la r to  the c -a x is . 
In  t h i s  type o f growth, the rhorabohedral fa ce s  (R, r )  are  
u su a lly  w ell developed. The b a sa l p lane i s  ob tained  by 
a r t i f i c i a l  p o lis h . I t  i s  to  be marked th a t  m-faoes are  
r e la t iv e ly  under-developed as compared to  the m -faces on 
n a tu ra l  c r y s ta ls  where they a re  prom inent. B esides the usual 
fa c e s  (R, r ,  m and Z); the second o rder prism  faces^^1120j are
1
(oool)
POUSMED
V  ",ro) M S .  L .
s i d e  ELEVATIOJT
[ S Y S T H Z T I C  Q U A R T Z  C A y S T A U  BLOCK ë 3 * c ]
6/5
fo p t«  e j
hI A;
R'yWY* éS'-
57
, ' f-
a lso  B e e n .  The p lan  view of th e  c r y s ta l  i s  shown in  f i g .  62 
(Block diagram ).
6 .3 . Method of E tch ing . The e tch in g  was done in  fused  îTaOH 
s l ig h t ly  d ilu te d  hy w ater a t  a temperature^ o f 200^0. f o r  various 
d u ra tio n s . The c r y s ta l  was examined a f t e r  every 30! o f e tch in g . 
6.4* Etojj&lng o f Z (0001) f a c e : -  The n a tu ra l  appearance o f 
the b a s a l p lane of th i s  sy n th e tic  c r y s ta l  grown on a seed , cu t 
perpend iculeœly to  the c -a x is  i s  shown in  f i g .  63# One can 
re a d ily  sec la rg e  number of alm ost t r ia n g u la r  , growth pyram ids.
I t  i s  these  growth pyramids which keep the  c r y s ta l  growing.
In  f a c t ,  i f  the  c ry s ta l  i s  f u l ly  grown, the  face  w il l  no t appear 
as such, as indeed happens in  a l l  n a tu ra l  c r y s ta ls .  To study 
the e f f e c t  o f e tch in g  the su rface  was m echanically  p o lish e d , 
k ind ly  done by Research Laboratory , G.E.G. L td . ,  Wembley. The 
m icrograph, f i g .  64, shows the  p o lish ed  fa c e , wliioh i s  h ig lily  
p i t t e d  a n i  h igh ly  m att. The su rface  u n d u la tio n s approximate 
to  1000 &. The su rface  does no t sliow any sc ra tch es  nor any 
c rack s. These a re , however, revea led  by even s l ig h t  amount o f 
e tch in g  as shown in  f i g .  65. One can re a d ily  see a la rg e  
number of t in y  cracks resem bling G r i f f i th  c rack s , which o r ig in a te  
in  the  p o lish in g  procedure . I t  ma  ^ be of in te r e s t  to  p o in t out 
th a t  alm ost s im ila r  p a t te rn  i s  revea led  by a p o lish ed  fused  
s i l i c a  on e tch in g  w ith  HP ac id  vapour. These cracks subseguentOy 
develop in to  w ell d efined  s ix -s id e d  e tc h  p i t s  a f te r  about 2 h rs . 
e tch in g  as shown in  f i g . 66 (h ). I t  i s  of in te r e s t  to  see th a t
rliÈv>^4'%>V
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the  opposite  s id e s  o f the e tc h  p i t s  a re  p a r a l l e l  to  each o th e r , 
the  th re e  a l te rn a te  s id e s  being  equa l. This re v e a ls  the 
tr ig o n a l symmetry o f the fa c e . The s id e s  of the e tch  f ig u re s  
are  p a r a l l e l  to  the in te r s e c tio n s  of m and Z faces  and a re  
thus p a r a l l e l  to  the e l e c t r i c  axes. I t  i s  s t r ik in g  to  note , i 
th a t  in  oases where m fa ces  are  no t developed, and hence the 
l in e s  o f in te r s e c tio n s  are no t known, e tch in g  would a t  once 
re v ea l the d ire c tio n  o f the e l e c t r i c  axes. I t  i s  a lso  o f 
in te r e s t  to  p o in t out th a t  the  e tch  p i t s  a lig n  along the 
p o lish in g  sc ra tch es  (P ig .66a). The depth o f e tch  p i t s  d i f f e r s  
consid erab ly . . The e tch  p i t s  which a l ig n  along p o lish in g  
sc ra tch es  are  r e la t iv e ly  shallow . P ig . 67 shows a very 
advanced stage  o f e tch in g  in  which the e tch  p i t s  tend to  merge 
in  each o th e r . The bottom o f the  p i t s  i s  n o t f l a t .
6.5* V ic in a l faces  of e tc h  p its *  The v ic in a l  p lanes bounding 
the s ix -s id e d  p i t s  are more o r l e s s  eq u a lly  in c lin e d . The 
angle of in c l in a t io n  changes w ith  the time o f e tch in g , in d ic a t­
ing th a t  d i f f e r e n t  c ry s ta llo g ra p h io  p lan es bound the  e tc h  p i t s  
a t  d i f f e r e n t  s tag es  of e tc h in g . In  one ty p ic a l  case , the angle
changed fro n  10°20* to  17^50’ . These angles were determ ined ^ 1
w ith  the l ig h t  p r o f i le  microscope (Tolansky 1952). i t  i s  
p o ss ib le  to  c a lc u la te  the  in d ice s  o f the p lanes which bound the 
p i t s .  Thus the p lan es  are Çlo15^ and ^1105^ w hile in  the next 
s tag e  they are {1014} and{lio4} p la n e s , (P igs. 68, 69).
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6 .6 . Prism  fa c e : -  The prism  face  of a sy n th e tic  quartz  
c ry s ta l  shows s t r i a t io n s  which are roughly p a r a l l e l  to  the 
v/jn edge ( f ig .7 0 ) .  These s t r i a t io n s  a re  r id g e s  p ro tru d in g  
over the  gen era l su rface  and r e s i s t  e tch in g  admirably w ell as 
in d ica ted  by f i g .  71* During th e  e tch in g  experiment i t  was 
found th a t  la rg e  number o f deep e tc h  p i t s  c lu s te r , in  some 
reg ions as shown in  f i g . 72. These reg io n s  were thought to  
be under s t r a in .  To* t e s t  whether th i s  i s  r e a l ly  the case two
sc ra tch es  were made on th e  su rface  w ith  a diamond pen so as
to  in troduce  s t r a in  in  th e  p a r t ic u la r  reg io n . E tching o f the 
c r y s ta l  round about t h i s  reg io n  has shown some s t r ik in g  r e s u l t s .  
Pig*73 shows a sc ra tc h  b efo re  e tch in g  whereas P ig .74 re v e a ls  
i t s  s t ru c tu re  a f t e r  about 1 h r .  o f e tch in g . I t  i s  in te r e s t in g  
to  observe la rg e  number o f cracks ra d ia tin g  alm ost norm ally to  
the o r ig in a l  sc ra tc h  and rev ea led  only a f t e r  e tch in g . These 
cracks in d ic a te  the d ire c tio n  along which the s t r a in  i s  
re le a se d . I t  i s  n a tu ra l  to  expect th a t  the reg ion  roughly 
corresponding to  the t i p s  o f the  r a d ia l  c racks i s  h igh ly
s tra in e d . This i s  indeed the case and i s  rev ea led  by the
la rg e  number of e tc h  p i t s  in  t h i s  reg ion  (P ig .74). P u rth e r  
e tch ing  shows more or le s s  uniform  e tch in g  round about the 
s c ra tc h e s , in d ic a tin g  th a t  th e  reg ion  between the sc ra tc h  and 
the t ip  o f the  cracks was a lso  s tra in e d  b u t n o t to  the  same 
e x te n t. I t  may be p o in ted  out th a t  the depth  o f the e tc h  p i t s  
in  a c lu s te r  (P ig .72) i s  f a r  too deep as corapared to  the  depth
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of e tc h  p i t s  oheerved e lsew h ere .’ In  g e n e ra l , the  p i t s  on 
th e  g en e ra l su rfa c e  a re  r e l a t i v e ly  shallow . The p i t s  on th e  
s t r a in e d  a r e a ,a r e ,deeper h u t c e r ta in  e tc h  p i t s  a s  seen in  F iga75 
and 72 and more ■ c le a r ly  in  P ig .76 a re  very deep indeed . The 
* o r ig in  oÿ th e se  e tc h  p i t s  seems, th e re fo re ,  to  l i e  n o t in  
s t r a i n  h u t in  some s o r t  o f l a t t i c e  d iso rd e r  ( im p e rfe c tio n s ) .
I t  i s  expec ted  th a t  i t  I s  due to  th e  im p u r it ie s  which n a tu r a l ly  
d if fu s e  on to  th e  su rfa c e  o f th e  c r y s ta l s .
6.7# R -fa c e s . The su rfa c e  s t ru c tu r e  o f the  R -faces  o f  the  
sy n th e t ic  q u a r tz  c r y s ta l  i s  shown in  f i g s .  77, 78. In  the 
fo rm er, a grow th pyram id from which c i r c u la r  growth sh e e ts  
emanate can be seen . At c e r ta in  p la c e s  one can see some e tc h  
p i t s  which have p robab ly  developed du ring  th e  l a s t  s tag e  o f 
growth to  compensate th e  s t r e n g th  o f  the  u n d e r -s a tu ra te d  
s o lu t io n . I t  i s  o f  i n t e r e s t  to  p o in t  ou t t h a t  on n a tu ra l  q u a rtz  
c r y s t a l s ,  th e  growth pyram ids on the rhom bohedral fa c e s  a re  
u s u a lly  t r i a n g u la r .  The h e ig h t o f a grow th pyramid as d e te r ­
mined by m u ltip le  beam P izeau  f r in g e s  and L ig h t p r o f i l e .
(P ig s . 79 a , b ) c o r r e ^ o n d  to  7 ^  n e a r ly . P ig . 80 shows an o th e r 
reg io n  o f  the R -face which i s  h ig h ly  ta rn is h e d . E tch in g  o f 
t h i s  fa c e  has shown c le a r ly  th a t  the  c e n tre  o f the  growth 
pyram id i s  a s i t e  o f an e tc h  p i t  (P ig . 8 1 ). S im ila r ly , th e  
edges o f th e  growth sh e e ts  a re  a lso  p re fe re n t ia i l ly  a tta c k e d  
(P ig . 8 2 ). Here a g a in , in  c e r ta in  re g io n s  deep e tc h  p i t s  
c lu s t e r  in d ic a t in g  some im p e rfe c tio n s  OPig. 83 ). The p i t s  'J;
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a re  p ^ a m id a l  type in d ic a t iv e  o f th e  s i t e s  o f  d is lo c a t io n s .
6 .8 .  ^ f a c e s .  P ig . 84 shows a p h o to m ic ro ^ ap h  o f  r - f a e e  o f  
th e  c r y s ta l .  One. can r e a d i ly  see a la rg e  number o f growth 
pyram ids which are  d i f f e r e n t  frcsn t h e i r  c o u n te rp a r ts  observed 
on n a tu ra l  c r y s t a l s .  The grow th pyram ids observed, in  the 
p re s e n t  case  a re  e lo n g a ted  g iv in g  an appearance o f  shoo ting  
s t a r s ,  w hereas on the n a tu ra l  fa c e s  they  have t r i a n g u la r  
o u t l in e .  The growth sh e e ts  from a l l  th ese  grow th pyram ids do 
n o t seem to  fu s e . They have a s o r t  o f boundary w hich may be 
a s ta c k in g  f a u l t ,  a s  i s  c le a r ly  seen  in  P ig . 84. These 
b o u n d arie s  a re  obv iously  n o t tw in  boun d aries  as can be seen 
from th e  o r ie n ta t io n  o f e tc h  p i t s  a s  w e ll as grow th pyram ids 
on e i t h e r  s id e  o f th e se  b o u n d arie s  (P ig . 8 5 ). As in  th e  
form er c a se , e tc h in g  ta k e s  p la c e  p r e f e r e n t i a l ly  a t  th e se  growth 
c e n tr e s .  In  a d d i t io n ,  th e se  b o u n d arie s  a ls o  e tc h  very  r e a d i ly  
in d ic a t in g  t h e i r  weak s t r u c tu r e  (P ig . 86).
6 .9 . Conclusion# In  co n c lu s io n , th e  n a tu re  o f  e tc h  p i t s  
observed  on aO.1 th e  fa c e s  o f s y n th e t ic  q u a rtz  c r y s t a l  c o r re s ­
pond w ith  th e  e tc h  p i t s  observed on n a tu r a l  c r y s t a l s .  I t  may 
be p o in te d  ou t th a t  th e  r a te  o f e tc h in g  of s y n th e tic  q u a rtz  
c r y s ta l  i s  l e a s  th an  th a t  o f th e  n a tu r a l  c r y s ta l s  fo r  a l l  th e  
fa c e s  s tu d ie d . T h is i s  to  be expected  s in ce  th e  sy n th e tic  
c r y s t a l  i s  much more pure as compared w ith  the n a tu r a l  c r y s t a l s .  
One s ig n i f ic a n t  p o in t  which has emerged out o f t h i s  study  i s  
t h a t  (1) e tc h in g  ta k e s  p lace  p r e f e r e n t i a l l y  on a l l  weak a rea s
X G cro
# ,
X2.0
K'y*Yt 84
i Y î i l i i i
■Earx r i ^
XlOtrt)
@m M
mm
iE/E T
- L - :
- ’^Tr. ;;vv"
^ - E 6 2
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a re  s i tu a te d  on. th e  p la c e s  o f  some Im o^^i^ections.'rH  I n 'a d d i t io n  W  
t h i s  study, has shown a qu ick  method o f de te rm in in g  th e  e l e c t r i c  
axes o f th e  c r y s t a l .
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CHAPTER V I I .
“I t e  EVOLIUTION o p  ETO I^-FIG lfRES E
I n t r o d u c t i o n .  T h e  e t c h i n g  o f  n a t u r a l  q u a r t z  c r y s t a l s  
d e s c r i b e d  i n  t h e  c h a p t e r s  4  a n d  5  h a s  s h o w n  t h a t  t h e  p h y s i c a l  
c h a r a c t e r  o f  t h e  s u r f a c e  p l a y s  a n  i m p o r t a n t  r o l e  i n  p r o v i d i n g  
t h e  p o i n t s  o f  f i r s t  a t t a c k  b y  t h e  e t c h a n t .  M i c r o s c r a t c h e s  
( a s  a  r e s u l t  o f  p o l i s h i n g  o r  o t h e r w i s e )  a n d  o t h e r  i r r e g u l a r ­
i t i e s  o n  t h e  f a c e s  o f  t h e  c r y s t a l s  e t c h  p r e f e r e n t i a l l y .  T r a c e s  
o f  w e a k  p l a n e s  o n  t h e  s u r f a c e s  o f  t h e  c r y s t a l s  e t c h  r e a d i l y  
a n d  sh o w  r o w s  o f  e t c h  p i t s  a l o n g  th e m .  S i m i l a r l y  s l i p  l i n e s  
a r e  a l s o  p r e f e r e n t i a l l y  a t t a c k e d  b y  t h e  c o r r o s i v e  a n d  sh o w  
d i s c r e t e  e t c h  p i t s  o n  t h e m .  I n  C h a p t e r  6  o n  t h e  e t c h i n g  o f  
s y n t h e t i c  q u a r t z  i t  h a s  b e e n  a m p ly  sh o w n  t h a t  t h e  g r o w t h  c e n t r e s ,  
l e d g e s  p r o v i d e d  b y  t h e  g r o w t h  s h e e t s ,  p l a c e s  o f  i m p e r f e c t i o n s  
a n d  s t r a i n e d  a r e a s  e t c h  v e r y  r e a d i l y .  D e e p  c r a c k s  a r e  n o t  
t h e  s u i t a b l e  s i t e s  f o r  t h e  e t c h  p i t s .  A s  t h e  e t c h i n g  p r o c e e d s  
d i s s o l u t i o n  r o u n d  t h e  c r a c k  a s  a  w h o le  t a k e s  p l a c e  a n d  t h e  
c r a c k  g o e s  o n  w i d e n i n g .  P ro m  a  n u m b e r  o f  . ( - q u a r t z  c r y s t a l s  
( n a t u r a l )  e t c h e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  c o n c e n t r a t i o n  
a n d  t e m p e r a t u r e  f o r  v a r i o u s  d u r a t i o n s  so m e  m o re  i n t e r e s t i n g  
c a s e s  r e g a r d i n g  t h e  o r i g i n  o f  e t c h  p i t s  a r e  d i s c u s s e d  i n  t h i s  
c h a p t e r .
7*2. O b se rv a tio n s; P ig . 87 (a , b ,  c) re p re s e n t  a ty p ic a l  
grow th pyramid on a m ajor rhombohedron face  o f a r ig h t-h a n d e d  
c r y s t a l  (p( -  q u a rtz )  b e fo re  and a f t e r  an e tc h in g  o f  4 h r s .  in
mm
m
1
k 3S
X 3s
Im
X 3 i '
%»
64
a l l ,  a t  a tem pera tu re  o f 200^0 in  a d i lu te  s o lu t io n  o f  KaOH. 
Pig* 87 (b) i s  a m u ltip le  beam P izeau  f r in g e  p ic tu re  re v e a lin g  
the m icrotopography o f th e  re g io n  shown in  P ig . 87 ( a ) .
P ig . 87 (c) does no t show the  e x is te n c e  o f the  growth pyram id 
which was seen  q u ite  d i s t i n c t l y  t i l l  2 h r s .  o f  e tc h in g . The 
su rfa c e  p re v io u s ly  occupied  by th e  grow th pyramid i s  abundantly  
f u l l  o f  p i t s .  B esid es  th ese  p i t s  one a lso  f in d s  some b la c k  
e tc h  p i t s  lAiich a re  obv iously  very  deep. • I t  may be suggested  
th a t  th e  s i t e s  o f  th e se  p i t s  must have been the c e n tre s  o f  
i n i t i a t i o n  of the  grow th f o r  b u ild in g  up tiie  c r y s ta l .
P ig s .  88 (a ,b )  and 89 show s t r ik in g ly  th e  e tc h  p i t s  
a l ig n in g  along the edges p rov ided  by the  grow th sh e e ts  on R 
and r - f a c e 8 r e s p e c t iv e ly  in  the case  o f a r ig h t-h a n d  c r y s t a l  
a f t e r  an e tc h in g  o f h r s .  in  a d i l u t e  so lu tio n  a t  a tem per­
a tu re  o f 150^0.
O ccasio n a lly  one f in d s  rows o f  e tc h  p i t s  a s  shown in  
P ig s ,  90 to  92. P ig .  90 shows an i r r e g u la r  l i z ^ a r  s t r u c tu r e  
on th e  m inor rhombohedron face  o f a r ig h t-h a n d e d  c r y s t a l .  In  
th e  case o f germanium c i y s t a l  such a p a t te r n  has been i n t e r ­
p re te d  as th e  l in e a g e  b oundaries by Vogel e t  a l  (1953) * 
A ccording to  th e se  a u th o rs  such  g ra in  b o u n d a r ie s 'c o n s is t  o f 
edge d is lo c a t io n s  whose s i t e s  a re  in d ic a te d  by tlie  re sp e c tiv e  
e tc h  p i t s .  Tlio c o r r e la t io n  o f  t h e i r  o b se rv a tio n s  and measure­
m ents w ith  Burgers* model (1940) i s  q u ite  c o n s is te n t .  P i g .91 
shows a l in e a r  s t r u c tu r e  o f th e  e tc h  p i t s  alm ost in  a d i r e c t io n
mX.
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p a r a l l e l  to  th e  R /r  edge (R ight-handed c r y s t a l ) .  The 
secondary s t ru c tu r e  may he a t t r ib u te d  to  th e  mosaic s t r u c tu r e  
which I s  th u s  re v ea led  hy etch ing*  P i g .92 i s  a r e g u la r ly  
curved boundary s t ru c tu re  showing an a r ra y  o f  e tc h  p i t s  f o r  
a d i f f e r e n t  c r y s ta l  on the  m ajor rhomhohedron fa c e .
The study  o f a number o f tw inned c r y s ta l s  has shown 
th a t  th e  growth c e n tre s  a re  s i tu a te d  along th e  tw in boundary. 
Thus th e  tw in  boundary seems a fav o u rab le  p o s i t io n  fo r  th e  
i n i t i a t i o n  o f growth s h e e ts  a s  ( l )  the b in d in g  energy i s  
sm a lle r  a t  th e  boundary s te p ,  and (2) th e  im p u r itie s  ten d  to  
be trap p ed  a t  th e  boundary. I f  th a t  i s  th e  e a se , the  tw in  
b o u n d arie s  shou ld  e tc h  q u ite  r e a d i ly  s in ce  they  have a h ig h  
p o te n t i a l  energy  (Burger 1 9(4.5 ) .  P ig s  93 -  95 show s t r ik in g ly  
examples o f th e  e tc h in g  o f  th e  tw in  b o u n d arie s  on the d i f f ­
e re n t  c r y s t a l s .  P ig . 93 i s  a tw in  boundary on th e  p rism  face  
(two rig h t-h a n d e d  c r y s ta ls )  a f t e r  150* e tc h in g  in  a d i lu te  
s o lu t io n  o f  NaOH a t  a tem pera tu re  o f 200^0. The m is f i t  a re a  
(accommodation band) i s  20 ^  in  e x te n s io n . P ig . 9k shows the  
tw in  boundary (two r ig h t-h a n d e d  c r y s ta ls )  a f t e r  120* e tc h in g  
in  fu sed  NaOH a t  200°0. I t  i s  ev id en t t h a t  t h i s  boundary 
r e s i s t s  the  e tc h in g  f a i r l y  w e ll .  A s im ila r  case i s  seen  in  
th e  case o f  c r y s ta l  Ko.U a s  shown in  P i g s . 95 (a ,b ) where the  
boundary rem ains u n a ffe c te d  even a f t e r  p ro longed  e tc h in g .
These tw in  bo u n d aries  a re  on th e  rhombohedron fa c e s . Again 
P ig . 96 shows very c le a r ly  th a t  th e  b o u n d arie s  e tc h  r e a d i ly
a,)
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when the two c r y s t a l s  o f  (Opposite hand combine to  form a tw in  
on the  rhorabohedral f a c e s .  M icroscopic tw inn ing  i s  a ls o  
re v e a le d  by e tc h in g  and has been shown in  the same p ic tu r e  
(P ig . 9 6 ). I t  i s  s tra n g e  to  f in d  th a t  in  some ca ses  th e  tw in  
boundary r e s i s t s  e tc h in g  w h ile  in  some i t  e tc h e s  r e a d i ly .  The 
above o b se rv a tio n s  a re  p e r f e c t ly  in  harmony w ith  the  geom etry 
o f th e  c r y s t a l .  Two c r y s t a l s  o f the  same hand form ing a tw in 
boundary when ro ta te d  th rough  180° w i l l  always r e g i s t e r  them­
se lv e s  on the  prism  face  in  a sim ple arrangem ent and th u s  can 
be looked  upon g e o m e tr ic a lly  a s  an a r ra y  o f  d is lo c a t io n s  
(Prank 19*4-9) and should th u s  e tc h  q u ite  r e a d i ly .  A s im ila r  
e x p la n a tio n  h o ld s  good fo r  th e  easy  e tc h in g  o f a tw in  boundary 
when two c i y s t a l s  o f o p p o s ite  hand combine to  form a tw in  on 
th e  rhom bohedral p la n e s . P ig s .  9*4-, 95, a re  the  ca ses  o f tw ins 
betw een th e  two c r y s t a l s  o f  th e  same hand on a rhmnbohedral 
f a c e . They a re  n o t in  a n ic e  geom etric  f i t  and t h i s  i s  
expected  a ls o .  I t  i s  n o t p o s s ib le  f o r  th e  two c r y s t a l s  to  
fu se  c r y s ta l lo g r a p h ic a l ly .  Such tw ins w i l l  always be marked 
by a s te p  and th u s  b o th  th e  c r y s ta l s  should  e tc h  independen tly  
le a v in g  th e  boundary u n a f fe c te d . I t  w i l l  n o t be wrong i f  in  
such c a se s  a tw in boundary i s  c a l le d  a boundary betw een two 
c r y s ta l s  which a re  in  a tw in  o r ie n ta t io n .
7»3« C onclusion ; I n v e s t ig a t io n s  have shown th a t  the  n a tu re  
o f th e  so lv e n t and i t s  c o n c e n tra tio n  a re  th e  e s s e n t ia l  f a c to r s  
c o n tro l l in g  th e  shape o f  the  e tc h  f ig u re s ;  the  tem pera tu re i s
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on ly  su b o rd in a te  in  t h i s  r e s p e c t .  in  tim e p ro p e r e tc h  f ig u re s  
a re  always developed.
E f fe c t  o f th e  so lv e n t on the  d i f f e r e n t  fa c e s  o f th e  
c r y s ta l  i s  d i f f e r e n t .  Minor rhom bohedral fa c e s  -(O lflj a re  
more r e s i s t a n t  to  th e  a t ta c h  o f - th e  e tc h a n t  as  compared w ith  
th e  m ajor rhom bohedral fa c e s  { lo i l j  . .  . p rism  fa c e s  (1010j  . 
seem to  o f f e r  l e a s t  r e s i s ta n c e .  T h is  behav iou r o f  q u a r tz  i s  
in d ic a t iv e  o f i t s  p o la r  c h a ra c te r .  , r .
The p o in ts  o f f i r s t  a t ta c k  on a c r y s t a l  face  a re  the  
m arkings, s c ra tc h e s  and c ra c k s  e t c . ,  b u t the  deep c rack s  a re  
n o t th e  s e a ts  o f  the  e tc h  p i t s .  P r e f e r e n t i a l  e tch in g  tak es  
p la c e  on the  growth c e n tre s  and along th e  edges o f  th e  growth 
sh e e ts  which in  tim e g e t l o s t ,  b u t the e tc h  p i t s  con tinue  to  
grow to  t h e i r  m ature s t a t e .  O bservations on th e  d u l l  p r io n  
fa c e s  have shown th a t  they  a re  covered un ifo rm ly  w ith  th e  e tc h  
p i t s .  The d e n s ity  o f th e  p i t s  on the  d u l l  fa c e s  i s  much 
g re a te r  th an  th a t  f o r  th e  b r ig h t  p r is m .fa c e s . S urface  
c le a v a g e s , tw in  b o u M a rie s  and g ra in  b o u n d aries  a re  a ls o  
r e a d i ly  e tch ed  and show an a rra y  o f  p i t s  a long  them. O ccasion­
a l ly  one f in d s  a c lu s t e r  o f  deep p i t s  w hich may be due to  th e  
accum ulation  o f the  i n p u r i t i e s  in  th a t  re g io n . I t  i s  q u i te  
l ik e ly  t h a t  th e  in p e r f e c t io n s  (say v ac an c ie s ) g e t d if fu s e d  to  
th e  su rfa c e  and hence such weak re g io n s  a re  c re a te d . T h is was ^ 
su sp ec ted  to  be due to  th e  s t r a i n  in  t h a t  a re a . But in v e s t­
ig a t io n s  on th e  e tc h in g  o f  s y n th e tic  q u a r tz  has s t r ik in g ly
4 i§
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s h o w n  t h a t  t h e  d e e p e s t  p i t s  a r e  s e e n  o n  t h e  a r e a s  of  som e 
i n p e r f e c t i o n s ,  l e s s  d e e p  o n  s t r a i n e d  p a r t s  a n d  v e r y  s h a l l o w  
p i t s  o n  t h e  r e g i o n s  f r e e  f r o m  s u c h  f l a w s .
M ic r o  s l i p  o b s e r v e d  o n  tw o  r - f a c e s  o f  C r y s t a l  K o . l .  
h a s  b e a u t i f u l l y  s h o w n  t h a t  t h e  a t t a c k  a l o n g  t h e s e  s l i p  l i n e s  
i s  p r e f e r e n t i a l  a n d  i s  m a r k e d  b y  t h e  . r o w s  o f  e t c h  p i t s  a l o n g  
th e m .  F o r  t h e  sa m e  c r y s t a l  o n  R - f a c e s  t h e  . r e c t i l i n e a r  p a t t e r n  
g o t  d e v e l o p e d  a s  a  r e s u l t  o f  p r e f e r e n t i a l  e t c h i n g  a l o n g  th e m  
a n d  i n  t h e  s u b s e q u e n t  s t a g e s  o f  e t c h i n g  e t c h  p i t s  a r e  s e e n  
a l i g n i n g ,  a l o n g  th e m .  T h i s  p a t t e r n  i s  t h o u g h t  o f  a s  t h e  t r a c e s  
o f  t h e  w e a k  p l a n e s  p a r a l l e l  t o  t h e  o t h e r  tw o  R - f a c e s  o n  t h e  
t h i r d  f a c e  a n d  v i c e - v e r s a .  T h e  o r i g i n  o f  s u c h  a  p a t t e r n  h a s  
b e e n  s u g g e s t e d  d u e  t o  t h e  r a p i d  g r o w t h  u n d e r  i r r e g u l a r  c o n d i t i e n s .  
I f  t h a t  i s  t r u e  t h e s e  t r a c e s  o f  w e a k  p l a n e s  s h o u l d  e t c h  p r e f e r ­
e n t i a l l y  a n d  i n d e e d  t h i s  i s  s o .
T o  s t a r t  w i t h  o n e  f i n d s  m i c r o s c o p i c  p i t s  w h i c h  l a t e r  
o n  g ro w  i n t o  im m a tu r e  e t c h  p i t s .  T h e s e  p i t s  f u r t h e r  g ro w  
i n t o  m a t u r e  a n d  w e l l  d e f i n e d  p i t s  i n  t h e  s u b s e q u e n t  s t a g e s  o f  
e t c h i n g  a n d  o c c a s i o n a l l y  som e g i v e  r i s e  t o  a n o m a l o u s  e t c h -  
f i g u r e s  a l s o .  F u r t h e r  e t c h i n g  r e s u l t s  i n  t h e  a n n i h i l a t i o n  o f  
s m a l l  n e i g h b o u r s  a n d  t h u s  v e r y  l a r g e  p i t s  a r e . f o r m e d ;  A t  t h i s  
s t a g e  t h e  d e p t h  o f  t h e  p i t s  d o e s  n o t  s e e m  t o  i n c r e a s e  p r o p o r t i o n ­
a t e l y  w i t h  r e s p e c t  t o  t h e i r  s i z e .
I n v a r i a b l y  t h e  e t c h  p i t s  o n  t h e  m i n o r  r h o m b o h e d r a l  
f a c e s  a r e  a c c o m p a n i e d  b y  a  b e a k  a t  o n l y  o n e  p a r t i c u l a r  c o m e r .
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These su rfa c e  (c rack s) beaks seem to  be c h a r a c te r i s t i c  o f  the  
type o fc th e  c r y s t a l . . :  i t ,i s  ;seen  th a t  th e  beaks show a 
r o ta t io n  in  the  .clockw ise d i r e c t io n  f o r  th e  r ig h t-h an d e d  
q u a rtz  w h ile  a r o ta t io n  o f  th e  beak  in  th e  an tic lo ck w ise  mis­
d i r e c t io n  co rresponds to  th e  le f t-h a n d e d  q u a r tz . ' -
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GlIAPTER V I I I .
8TRIATI0IIS OIT THE PRIÊp PACB8 OP NATURAL QUARTZ.
8 .1 . In tro d u c tio n ; One o f the d is t in g u is h in g  c h a ra c te r s  o f 
q u a rtz  i s  th e  p resence , o f  h o r iz o n ta l  p a r a l l e l  s t r i a t i o n s  which 
occur on th e  prism  fa c e s .  These l i n e s ,  which a re  u s u a lly  
f i n e ,  show d i s t i n c t l y  when tu rn ed  a t  th e  c o r re c t  ang le  to  th e  
l i g h t .  They appear p e rp e n d ic u la r  to  th e  edges o f the  prism  
f a c e s .  A ccording to  Dake e t  a l  (1938), th e  s t r i a t i o n s  upon 
th e  c r y s t a l  fa c e s  re p re s e n t  a s o r t  o f  c o n f l i c t  waged betw een 
two n e a r ly  b a lanced  fo rc e s  -  one which s t r i v e s  tow ards a 
c r y s t a l  o f c e r ta in  ty p e , and one which w ishes to  produce 
an o th e r ty p e , th e  r e s u l t  b e in g  an arrangem ent o f m inute 
sometimes m icroscop ic  fa c e s ,  c a l le d  an " O s c illa to ry  com bination". 
T his th eo ry  re q u ir e s  th e  angle o f in c l in a t io n  between th e  s id e s  
o f  s t r i a t i o n s  and th e  prism  p lan e  to  be n e a r ly  38°.
An o p t ic a l  and in te r fe ro ra e tr ic  survey o f th e  f in e  
p rism  fa c e s  o f a la rg e  number o f  q u a r tz  c r y s t a l s  was under­
tak en  by G r i f f in  (1950) and W il l is  (1952) u s in g  th e  s e n s i t iv e  
su rfa c e  sea rch in g  tech n iq u es  o f Tolansky (1948)# They 
observed bunching o f s te p s  and a ls o  what th ey  termed su rfa ce  
*^uck ling" caused by v a r ia t io n  o f h e ig h t o f  the bunches s te p s  
along  t h e i r  le n g th . The p resence  o f  b u ck lin g  in d ic a te s  th a t  
in  su cc ess iv e  p la n e s  o f growth la y e r s  a re  n o t s t r i c t l y  p a r a l l e l ,  
p ra ag  & W il l is  (1952) showed th a t  th e  growth f ro n ts  sometimes 
have th e  shape o f p a ra lle lo g ra m s , th e  two o pposite  s id e s  be ing
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p e r p e n d i c u l a r  t o  t h e  t r i a d  a x i s  a n d  a r e  c o n s i d e r a b l y  l o n g e r  
t h a n  t h e  o t h e r  tw o  s i d e s .  T h e  e l o n g a t i o n  o f  t h e  g r o w t h  f r o n t s  
i n  a  d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  t r i a d  a x i s  s h o w s  t h a t  , t h e  -  
g r o w t h  r a t e  o f  p r i s m  f a c e  i s  g r e a t e r  i n  a  d i r e c t i o n  p e r p e n ­
d i c u l a r  a s  com pEured t o  t h a t  p a r a l l e l  t o  t h e  t r i a d  a x i s .  T h i s  
i s  i n  c o n t r a d i c t i o n  t o  t h e  o b s e r v e d  m axim um  v e l o c i t y  o f  g r o w t h  
a l o n g  c - a x i s ,  r e p o r t e d  b y  m a i^ . w o r k e r s .  T h u s ,  i t  a p p e a r s  
t h a t  t h e  s t r i a t i o n s  a r e  n o t  t h e  r e s u l t  o f  t h e  g r o w t h  p y r a m i d s  
a s  s u g g e s t e d  b y  S e a g e r  (1951) a n d  s u b s e q u e n t l y  b y  P r a a g  ft 
W i l l i s  (1952).
The n a tu re  o f th e  s t r i a t i o n s  i s  n o t y e t  f u l ly  
u n d e rsto o d . I t  may be th a t  those  which sub tend  an ang le  o f 
38° a re  th e  te rm in a l rhombohedron fa c e s .  I t  may be p o in te d  
o u t, however, no ev idence has y e t  been p u t f o r th  to  suggest 
th a t  the  c h a ra c te r  o f  th e se  en trapped  f a c e s ,  sometimes ex tend­
ing  over about 10 ^  i s  id e n t i c a l  w ith  th o se  o f  th e  te rm in a tin g  
rhom bohedral fa c e s .  S ince th e  e tc h - f ig u r e s  developed on any 
p a r t i c u l a r  face  re v e a l i t s  c h a ra c te r ,  i t  appears f r u i t f u l  to  
study  the  n a tu re  o f th e se  s t r i a t e d  fa c e s  o f q u a rtz  by e tc h in g . 
T h is  study  i s  a ls o  e^qoected to  throw a good d ea l o f l i g h t  on 
th e  n a tu re  o f s t r i a t i o n s  and on th e  mechanism o f  grow th.
8 .2 . O b s e r v a t i o n s :  T h e  s t r i a t i o n s  o n  t h e  p r i s m  f a c e s  o f
q u a r t z  c a n  b e  b r o a d l y  c l a s s i f i e d  i n  tw o  c a t e g o r i e s  , v i z :  ( 1 )  
t h o s e  w h ic h  s u b t e n d  a n  a n g l e  o f  38° w i t h  t h e  u n d e r l y i n g  p r i s m  
f a c e  a n d  ( 2 )  t h o s e  w h i c h  s u b t e n d  a n  a n g l e  r a n g i n g  b e t w e e n  3 °  t o  *
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15° n e a r ly . I t  may be p o in te d  ou t th a t  th e  rhombohedron fa c e s  
(R, r )  subtend an angle o f 38° w ith  th e  p rism  p la n e . The a re a  
o f  th e se  en trapped  fa c e s  v a r ie s  w ith in  wide , l im i t s .  P ig . (97) 
shows a ty p ic a l  case o f a face  sub tend ing  an ang le o f 38° w ith  
th e  prism  fa c e . The dark  s t r i p  i s  th e  shadow c a s t  by th i s  
in c l in e d  face  w hereas on e i th e r  s id e  we have prism  fa c e s . This 
fa ce  when in c lin e d  a t  an angle o f 38° to  the beam o f l i g h t  
g iv e s  an appearance a s  shown in  f i g .  9@. The grow th fe a tu re s  
as  seen  on the face  do n o t correspond  w ith  the  f e a tu r e s  u su a lly  
observed on n a tu r a l  rhombohedron f a c e s .  Thus i t  cannot be 
d e f in i t e ly  s a id  w hether t h i s  en trap p ed  face  i s  a rhom bohedral 
fa ce  o r n o t . P ig . 99 shows a m icrograph  o f an o th e r c r y s ta l  
p rism  face  on which a number o f en tra p p ed  fa c e s  sub tend ing  an 
ang le o f 38° a re  seen . The a re a  o f th ese  fa c e s  vary  w idely . 
Thus th e  face  shown in  P ig . 98 has a sidew ays e x te n s io n  o f 
about .6  run. w hereas the  sm a lle s t re so lv a b le  face  o f t h i s  type 
i s  .015 d i d .  The ang le  o f  in c l in a t io n  could  be determ ined  by 
th e  le n g th  o f th e  shadow c a s t  when th e  prism  face  i s  i l lu ra in -  ^  
a te d  norm ally . T h is  was a lso  checked by goniom etric  measure­
m ents.
8.3# D e sc r ip tio n ; These prism  fa c e s  were s y s te m a tic a lly  
e tch e d  w ith  fu sed  NaOH a t  about 260°C. W ell d e f in e d  e tc h  p i t s  
developed on b o th  th e  prism  face  and th e  en trapped  fa c e s  a f t e r  
about 2 h r s .  o f  e tc h in g . The e tc h - f ig u re s  on two p o r t io n s  o f 
th e  prism  face  on e i t h e r  aide o f th e  en trapped  face  a re  shown
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in  P ig . 100, 101. These a re  q u ite  c h a r a c te r i s t i c  o f the prism  
fa c e s  as  d isc u sse d  in  d e t a i l  in  C hapter IV. P ig . 102 shows 
th e  e tc h  p i t s  on th e  en trap p ed  fa c e ,  w hereas P ig . 103 shows the  
e tc h  p i t s  on th e  te rm in a tin g  rhombohedron fa c e . I t  can be 
e a s i ly  seen  th a t  th e  e tc h  p i t s  on the en trap p ed  face  are  q u ite  
d i f f e r e n t  from the  e tc h  p i t s  on th e  prism  fa c e , b u t are  c lo s e ly  . 
s im ila r  to  th e  e tc h  p i t s  observed on th e  te rm in a tin g  rhombo­
hedron fa c e . P ig s . 104 -  106 a re  the  m icrographs o f th e  sm all 
en trapped  fa c e s  on th e  p rism  fa c e .  These a ls o  show th a t  th e  
e tc h  p i t s  correspond  c lo s e ly  w ith  those observed on te rm in a tin g  
rhom bohedral fa c e . I t  i s  th u s  c o n c lu s iv e ly  e s ta b l is h e d  th a t  
th e se  fa c e s  which subtend an ^ 3 8 °  w ith  the  p rism  face  a re  
c l i a r a c te r i s t i c a l ly  s im ila r  to  the te rm in a tin g  rhombohedral fa c e s .
B esid es  th ese  en trap p ed  fa c e s  which in t e r s e c t  on th e  
prism  fa c e  a long  th e  l i n e  p e rp e n d ic u la r  to  th e  c - a x is  g iv in g  an 
appearance o f  a r id g e ,  th e re  a re  s e v e ra l  o th e r  l i n e s  p a r a l l e l  
to  th e  above r id g e s ,  b u t which do n o t p re se n t  a re so lv a b le  face  
in c l in e d  a t  an ang le  o f  38° w ith  th e  normal prism  fa c e . There ^  
i s  one s ig n i f ic a n t  p o in t ,  however, and i . e .  th e  two p o r t io n s  
o f th e  prism  face  on e i t h e r  s id e  o f th e se  r id g e s  ( s t r i a t i o n s )  
a re  in c l in e d  to  each  o th e r  a t  an ang le  rang ing  from 3° to  15°, 
much le a s  than  38°. This fe a tu re  has been ex p la in ed  by 
S eager (1951)» and P raag  ft W il l is  (1952) on th e  c o n s id e ra tio n s  
o f th e  e x is te n c e  o f th e  p a ra lle lo g ra m  shaped growth pyram ids 
(seldom observed on th e  prism  f a c e s ) .  According to  th ese
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a u th o rs  th ese  s t r i a t i o n s  mark th e ,s te e p  edges ©f th e  grow th
1
pyram ids, as they  p o in t  out th a t  th e  v e lo c i ty  o f grow th a long  
c - a x is  i s  le s s  th an  the growth v e lo c i ty  p e rp e n d ic u la r  to  the  
c - a x is .  A la rg e  number o f experim en ts , o n ,s y n th e tic  q u a rtz  
h a s , however, shown th a t  the  v e lo c i ty  along  the  c - a x is  i s  
maximum (Nacken 1945) • In  view o f  t h i s  i t  i s  d i f f i c u l t  to  
imagine a s  to  how th e se  s t r i a t i o n s  cou ld  be the  edges o f  th e  
grow th pyram ids. M oreover, a la rg e  number o f o b se rv a tio n s  on 
q u a r tz  c r y s ta l s  have in v a r ia b ly  shown th e se  s t r i a t i o n s  w ithou t 
any grow th pyram ids. I t  ap p ea rs , th e r e fo re ,  l i k e ly  th a t  th ese  
s t r i a t i o n s  have t h e i r  o r ig in  in  some mechanism o th e r  than  th a t  
o f  the  growth pyram ids.
A sy stem atic  e tc h in g  o f th e  s t r i a t e d  p rism  fa c e s  
has shown th a t  the  e tc h - f ig u re s  observed  on them are  e s s e n t i a l ly  
s im ila r  to  th o se  observed on u n - s t r i a t e d  p o r t io n s  (P ig s .107,
100) o f the  prism  fa c e . The only in s ig n i f ic a n t  p o in t  o f 
d if fe re n c e  i s  th a t  .th e  e tc h  p i t s  on the  s t r i a t e d  p o r t io n s  a re  
s l i g h t l y  d i s to r te d  (F ig s . 108 a , b ) .  These p ic tu r e s  correspond  
to  th e  same re g io n . T h is i s ,  in d eed , to  be e:Q)ected as  the  two 
p o r t io n s  on e i th e r  s id e  o f th e se  s t r i a t i o n s  are  in c l in e d  a t  a 
sm all a n g le . Thus i t  appears more th an  l i k e ly  t h a t  th e  whole 
prism  face  i s  c h a r a c t e r i s t i c a l l y  s im i la r ,  w hereas th e se  
s t r i a t i o n s  a re  m erely the  in te r s e c t io n s  o f th e  te rm in a tin g  
rhombohedron w ith  th e  prism  fa c e . The in c l in a t io n  o f the  two 
p o r t io n s  o f th e  prism  face  can be understood  on th e  c o n s id e r-
ylog
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a t i o n s  o f  t h e  o s c i l l a t o r y  c o m b i n a t i o n  o f  t h e  p r i s m  a n d  
r h o m b o h e d r o n  f a c e s .  I n d e e d  a l l  t h e  g r o w t h  f e a t u r e s  o n  t h e  
q u a r t z  c r y s t a l s  ( N a t u r a l  a n d  S y n t h e t i c )  p o i n t  s t r o n g l y  t o  t h e  
g r o v / t h  b y  l a y e r  d e p o s i t i o n  p a r a l l e l  t o  t h e  r h o m b o h e d r a l  f a c e s .  
T h u s  V a n  P r a a g  (1949) o b s e r v e d  t h a t  a  s y n t h e t i c  q u a r t z  g r o w s  
r a p i d l y  w i t h  r e s p e c t  t o  r h o m b o h e d r a l  s u r f a c e d .  I n d e e d  t h e  
r h o m b o h e d r o n  f a c e s  g ro w  p r e d o m i n a n t l y  i r r e s p e c t i v e  o f  t h e  c u t  
o f  s e e d .  T h i s  f a c t  i s  i n  a c c o r d a n c e  w i t h  t h e  r h o m b o h e d r a l  
t r a p e z o h e d r a l  a y n r o e t r y  o f  q u a r t z .  T h e  b a s a l  s u r f a c e  o f  q u a r t z  
i s  s e ld o m  o b s e r v e d  ( H a le  1948) .  I t  m ay  b e  o f  i n t e r e s t  t o  
n o t e  t h a t  t h e  p r i s m  f a c e s  i n  a  s y n t h e t i c  q u a r t z  a r e  r e l a t i v e l y  
o f  m i n o r  s i g n i f i c a n c e .  H o w e v e r ,  t h e  p r i s m  f a c e s  a r e  w e l l  
d e v e l o p e d  a n d  a r e  h i g h l y  s t r i a t e d  i n  n a t u r a l  c r y s t a l s .  T h i s  
h a b i t  m o d i f i c a t i o n ,  i . e .  c h a n g e  f r o m  t r i g o n a l  t r a p e z o h e d r a l  t o  
t r i g o n a l  h e x a g o n a l  i s  p e r h a p s  d u e  t o  t h e  i m p u r i t y  c o n t e n t s  o f  
t h e  n a t u r a l  c r y s t a l s ,  w h i c h  i s  r e l a t i v e l y  s m a l l  i n  s y n t h e t i c  
c r y s t a l s .  S u c h  h a b i t  m o d i f i c a t i o n s  i n  t h e  p r e s e n c e  o f  
i i q p u r i t i e s  h a v e  b e e n  s t u d i e d  e x h a u s t i v e l y  b y  B u c k l e y  (1951) * 
8.4# C o n c l u s i o n :  O n ce  t h e  m e c h a n is m  o f  g r o w t h  b y  l a y e r
d e p o s i t i o n  p a r a l l e l  t o  r h o m b o h e d r a l  p l a n e s  i s  a s s u m e d ,  t h e  
e x i s t e n c e  o f  s t r i a t i o n s  c a n  e a s i l y  b e  u n d e r s t o o d .  T h e  
s i g n i f i c a n t  p o i n t  w h i c h  c a u s e s  t h e s e  s t r i a t i o n s  i s  t h a t  t h e  
v e l o c i t y  o f  g r o w t h  o f  t h e  tw o  r h o m b o h e d r o n  s u r f a c e s  i s  h i g h e r  
t h a n  t h a t  o f  t h e  p r i s m  f a c e s .  D u r i n g  t h e  g r o w t h  o f  n a t u r a l  
c r y s t a l s  s u p e r s a t u r a t i o n  i s  e x p e c t e d  t o  f l u c t u a t e  w i t h i n  w id e
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l im i t s .  In  such a case th e re  i s  a p o s s i b i l i t y  o f growth 
talcing p la c e  on th e  rhom bohedral f a c e s , th e  prism  fa c e s  b e in g  
in a c t iv e .  Thus i f  th e  grow th on the  prism  face  s to p s  f o r  a 
co n s id e rab le  amount of tim e a f t e r  which th e  grow th s t a r t s  a g a in , 
whereas the  growth on th e  rhombohedron fa c e s ;c o n tin u e s  
unaba ted , the  rhom bohedral fa c e s  w i l l  be e n t r ^ p e d  in  between 
th e  two p o r t io n s  o f the p rism  fa c e . The a re a  o f the  en trapped  
face  w i l l  n a tu r a l ly  be governed by the  tim e f o r  which the 
growth o f the  prism  face  s topped . The o b se rv a tio n s  show th a t  
the l a t e r a l  ex te n s io n  o f th e  en trapped  face  v a r ie s  w idely .
Secondly i f  th e  grow th o s c i l l a t e s  betw een the  p rism  
and rhom bohedral fa c e s  we w i l l  g e t the  pyram idal te rm in a tio n  o f 
th e  c r y s t a l ,  the  in c l in a t io n  b e in g  determ ined  by the  r e la t i v e  
time f o r  w hich th e  prism  face  i s  in a c t iv e .  Thus i t  accoun ts  
f o r  th e  in c l in a t io n  o f th e  two p o r t io n s  o f th e  prism  face  on 
e i t h e r  s id e  o f th e  s t r i a t i o n s .  These fa c e s ,  indeed , behave 
as v ic in a l  fa c e s  (h igh  index) as  suggested  by Bunn ft Eroett 
(1949)# I f ,  however, th e  growth ta k e s  p la c e  under c o n s ta n t 
c o n c e n tra tio n  a s  does happen in  s y n th e t ic  c r y s t a l s ,  the  prism  
fa c e s  a re  n o t expected  to  re v e a l  any en trap p ed  rhombohedron 
fa c e s , a s  i s  indeed the c a se .
T h is o s c i l l a to r y  com bination o f th e  rhombohedron and 
prism  fa c e s  n o t only e x p la in s  th e  s t r i a t i o n s  on the  prism  fa c e s  
b u t a lso  th e  s t r i a t i o n s  on the  t r ig o n a l  b ipyram id  ^1121}. In  
a d d itio n  t h i s  a ls o  e x p la in s  th e  ta p e r in g  o f th e  q u a rtz  c r y s ta l
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•V/!' > '•in v a r ia b ly  observed-
In  co nnection  w ith  t h i s  p roposed  mechanism we 
em p h asize -th a t th e  su rfa c e  s tu d ie s  o f n a tu r a l  and s y n th e tic
>■
c r y s t a l s  have f a i l e d  to  re v e a l  any s p i r a l  so f a r .  The - 
. o b se rv a tio n s  re p o r te d  in  t h i s  ch a p te r  and c h a p te r  V on e tc h in g  
confirm  th e  c o r re c tn e s s  o f th e  view th a t  q u a rtz  grows by the  
la y e r  mechanism.
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CHAPTER IX .
ŒElCmAL DiTRODUOTION
I t  h a s  b e e n  r i g h t l y  s a i d  t h a t  f e w  s u b s t a n c e s  i n  
d a i l y  u s e  c a n  b e  c o m p a r e d  w i t h  g l a s s  i n  p o i n t  o f  i m p o r t a n c e  
o r  u t i l i t y .  G l a s s  i s  s o  com m on a n d  s o  c h e a p  t h a t  we a r e  a p t  
t o  l o s e  s i g h t  o f  i t s  u n i q u e  q u a l i t i e s .  I t  i s  d u r a b l e ,  t r a n s ­
p a r e n t ,  a n d  e a s i l y  c l e a n e d ;  i t  c a n  b e  r e a d i l y  c o l o u r e d  w i t h  
m e t a l l i c  o x i d e s ,  i t  i s  c a p a b l e  o f  t a k i n g  a  h i g h  p o l i s h  a n d ,  
w h i l e  i n  a  f u s e d  c o n d i t i o n ,  i t  c a n  b e  m ad e  t o  a s s u m e  a l m o s t  
a n y  d e s i r e d  s h a p e  w h i c h  i t  r e t a i n s  p e r m a n e n t l y ,  w h e n  c o l d .
T h e  s u b s t a n c e ,  g l a s s ,  i s  n o t  a  c h e m i c a l l y  d e f i n e d  
b o d y ;  i t  i s  a  m i x t u r e  o f  s e v e r a l  s i l i c a t e s  a n d  o t h e r  s u b s t a n c e s ,  
e a c h  o f  w h ic h  m o d i f i e s  t h e  p h y s i c a l  p r o p e r t i e s  o f  g l a s s .  F o r  
e x a m p l e ,  a n  e x c e s s  o f  b o r i c  a c i d  r e n d e r s  t h e  g l a s s  m o re  l i a b l e  
t o  a t m o s p h e r i c  d a m a g e  a n d  e x a g g e r a t e s  i t s  p r o p e r t y  o f  c o n d e n ­
s i n g  h u m i d i t y  o f  t h e  a t m o s p h e r e  o n  i t s  s u r f a c e .  I n d e e d ,  t h i s  
p r o p e r t y  o f  g l a s s  i s  a  b l e s s i n g  i n  d i s g u i s e  in a s m u c h  a s  b y  
v a r y i n g  i t s  c o n s t i t u e n t s ,  d i f f e r e n t  k i n d s  o f  g l a s s e s  w i t h  w i d e l y  
v a r y i n g  r e f r a c t i v e  i n d i c e s  c o u l d  b e  p r o d u c e d .  T h i s  c h a r a c t e r ­
i s t i c  o f  g l a s s  i s  o f  u t m o s t  i m p o r t a n c e  i n  o p t i c a l  i n s t r u m e n t ­
a t i o n .  I t  i s  n o t  p o s s i b l e  t o  m ak e  h i g h  q u a l i t y  l e n s e s  a n d  
p r i s m s  f r o m  j u s t  a n y  p i e c e ,  s i n c e  t h e  i n t e r i o r  f a u l t s  o f  t h e  
g l a s s  w o u ld  a n n u l  t h e  p e r f e c t i o n  o f  t h e  o p t i c i a n s ’ w o r k .
I t  i s  e s s e n t i a l  t h a t  a l l  t h e  m a t e r i a l s  w h i c h  e n t e r  
i n t o  t h e  c o m p o s i t i o n  o f  a  g l a s s  s h o u l d  b e  m ix e d  v e r y  i n t i m a t e l y
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In  o rd e r  th a t  i t  should  he com parable w ith  i t s e l f  in  a l l  i t s  
p a r t s ;  t h a t  c o n d itio n  i s  d i f f i c u l t  o f r e a l i s a t i o n .  A c tu a lly , 
when the g la s s  i s  h ea ted  i t  becomes s o f t e r  and s o f t e r .  S ince 
i t  has no d e f in i te  m e ltin g  p o in t  i t  p a sse s  from th e  s o l id  to  
th e  p a s ty  s t a t e ,  and th en  to  the  syrupy s t a t e ,  w hile  conserv ing  
i t s  h igh  v is c o s i ty  which ten d s to  oppose the  in tim a te  m ix ture o f 
i t s  c o n s t i tu e n t  e lem en ts . The d e fe c t  o f inhom ogeneity can 
a r i s e  from in s u f f i c i e n t  s t i r r i n g  o f  th e  m elt or from c o n tra c tio n  
d u rin g  co o lin g , and even o c c a s io n a lly  from a change o f s t a te  
d u rin g  th e  ageing  o f the  m a te r ia l  (Twyman and Simeon, 1923).
The d e fe c ts  r e s u l t in g  from a s t a t e  o f inhom ogeneity a re  d iv id ed  
in to  f iv e  main c l a s s e s : -  (1) V eins (2) Gas bubb les (3) D e v i t r i ­
f i c a t i o n  in  a i r  (4) S t r a in  (5) Oloudy re g io n s . These d e fe c ts  
a re  un accep tab le  f o r  o p t ic a l  p u rp o ses . U sually  annealed  g la s s  
i s  used  f o r  such in s tru m en ts  in  o rd e r to  have a re q u ire d  degree 
o f p re c is io n . The purpose o f-a n n e a lin g  i s  to  b r in g  th e  g la s s  
from the  w orking tem pera tu re  w ith  th e  in tro d u c tio n  o f minimum 
amount o f  s t r a i n .  The e x is te n c e  o f s t r a i n  can be d e te c te d  by 
p h o to e la s t ic i ty  o r a l t e r n a t iv e ly  by e tc h in g  the  specim en, s in ce  
i t  i s  w e ll known th a t  re g io n s  under s t r a in  e tc h  p r e f e r e n t i a l l y .
A f u r th e r  source o f  v e in s ,  though o f f a r  l e s s  
im portance, i s  th e  la y e r  of g la s s  a t  the  top w hich ac q u ire s  a 
d i f f e r e n t  r e f r a c t iv e  index owing to  th e  ev a p o ra tio n  o f more 
v o l a t i l e  c o n s t i tu e n ts  (Twyman and D alladay , 1921).
The o b se rv a tio n s  w hich le d  B eilby  (1921) to  fo rm ula te
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h is  famous concep t o f th e  amorphous n a tu re  o f th e  p o lish e d
‘ 1. '
l a y e r  w e r e  n o t ,  h o w e v e r ,  c o n f i n e d  t o  m e t a l s ,  b u t  h a d  b e e n  m ad e  
w i t h  n o n - c o n d u c t i n g  . c r y s t a l s  s u c h  a s  q u a r t z ,  f l u o r s p a r ,  c a l c i t e  
a n d  o t h e r s .  P o l i s h i n g  p r o c e s s  i n  g e n e r a l  t e n d s  t o  f o r m  a  
l a y e r  o n  t h e  s u r f a c e  o f  t h e  g l a s s e s  d i f f e r i n g  i n  r e f l e c t i n g  
p o w e r  f r o m  t h e  i n t e r i o r ,  a n d  t o  a  v a r i a b l e  e x t e n t  a c c o r d i n g  t o  
t h e  e x a c t  t e c h n i q u e  o f  p o l i s h i n g  e m p lo y e d  ( R a y l e i g h ,  1937).
T h e  t r u e  n a t u r e  o f  p o l i s h i n g  p r o c e s s  i s  b o t h  a  t e c h n i c a l  a s  
w e l l  a s  a  s c i e n t i f i c  p r o b l e m ,  a n d  t h e r e  a r e  tw o  p o i n t s  o f  v i e w : -
(1) T h e  p o l i s h i n g  p r o c e s s  i s  m e r e l y  a  m a t t e r  o f  f i n e  
g r i n d i n g  o r  a l t e r n a t i v e l y
(2) The p o lis h in g  p ro c ess  c o n s is ts  in  a flow  o f the 
su rfa c e  la y e r  p robab ly  by lo c a l  h e a tin g  or chm nical a c t io n , 
w ith  th e  p ro d u c tio n  o f an amorphous su rfa ce  la y e r  (B eilby  la y e r ) .  
P inch  and C o lla b o ra to rs  (1937) found by e le c tro n  d i f f r a c t io n  
th a t  th e  f i n a l  p o l is h  was caused by a momentary fu s io n  and flow  
o f subm icroscqpic su rfa c e  p ro je c t io n s  sp read in g  a l iq u id  l ik e  
‘'B e il ly  layer** over the p o lish e d  p la n e . The m in e ra ls  te s te d  
by them could  be d iv id ed  in to  th ree  groups:
( 1 )  t h o s e  i n  w h i c h  t h e  B e i l b y  l a y e r  r e m a i n s  a m o r p h o u s
(2) those  in  w hich the  la y e r  g e n e ra lly  rem ains amorphous 
b u t r e - c r y s t a l l i z e s  on im portan t c r y s ta l  p aan es , such 
as c leavage p la n e s
(3) those  in  which the  la y e r  r e - c r y s t a l l i z e s  in  conform­
i t y  w ith  the s u b s tra te  on a l l  p la n e s . ‘
----------------------------------------------------------.— .— — - — -^---------- = 1 i
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That th e  p o l is h in g  ta k e s  p la c e  th rough  therm al a c tio n  
a t  th e  s u p e r f ic ia l  la y e r  I s  a ls o  w e ll e s ta b l is h e d  by the  
experim en ts o f Roy (191+9) on th e  p o lis h e d  g la s s e s .  |
I
There I s  s t i l l  a d if fe re n c e  o f op in ion  betw een those 
who th in k  th a t  p o l is h in g  c o n s is ts  of f in e  g rin d in g  and those 
who re g a rd  i t  as a flow  phenomenon. In  co n c lu s io n , i t  may be 
s a id  th a t  a good d e a l o f p r a c t i c a l  and s c i e n t i f i c  evidence has 
been accum ulated in  favou r o f b o th  o p in io n s , so th a t  i t  i s  no t 
c o r r e c t  to  c o n s id e r the  problem  only from one p o in t  o f view .
Bowden (1937) found th a t  the p o l is h in g  p ro cess  i s  g re a t ly  
in flu e n c e d  by th e  r e l a t i v e  m e ltin g  p o in t  o f the  p o l i s h e r  and 
th e  m a te r ia l  to  be p o lis h e d . Some o f th e  non-m etals such as 
g la s s  p o ssess  very  low therm al c o n d u c tiv ity  and hence a re  ab le  
to  cause h ig h e r lo c a l  su rfa ce  tem p era tu re .
I t  appears t h a t  on the  c u t t in g  theo ry  o f  p o lis h in g  
o f g la s s e s ,  th e  top  su rfa c e  o f g la s s  would be id e n t ic a l  w ith  
th e  i n t e r i o r ,  w hereas th e  flow  th eo ry  o f p o lis h in g  en v isag es 
th a t  th e  top la y e r  would be d e f ic ie n t  in  more v o l a t i l e  compon­
e n ts  o f th e  p a r t i c u l a r  g la s s .  The n a tu re  o f the  su rfa ce  la y e r  
cou ld  be a s c e r ta in e d  from the  com parative study o f th e  e tc h in g  
o f 'su rface  la y e r s  o f th e  P ir e -p o l is h e d  and m echan ica lly  p o lish e d  
g la s s e s .  Indeed th e se  experim ents to  be d esc rib ed  in  the  nex t 
c h a p te r  show very  s t r ik in g ly  th a t  th e  top su rfa ce  o f th e  o p t ic a l  
g la s s e s  (P ire -p o lish e d )  i s  d i f f e r e n t  from th a t  o f th e  i n t e r i o r .
I f  such a su rfa ce  la y e r  i s  formed during  p o lis h in g .
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i t  iB reaso n ab le  to  expect th a t  i t  would be more prom inent on 
m echan ica lly  p o lish e d  g la s s e s  as  compared to  the f i r e - p o l is h e d  
g la s s e s .  In  view o f t h i s  a com parative study o f e tc h in g  of 
f i r e - p o l is h e d  and m echan ica lly  p o lish e d  g la s se s  has been c a r r ie d  
o u t. The d if fe re n c e  in  the n a tu re  o f th e ’ la y e r s  on f i r e -  
p o lish e d  and m echan ica lly  p o lish e d  g la s s  i s  f u r th e r  i l l u s t r a t e d  
by the  hardness t e s t s  c a r r ie d  out on th ese  g la s s e s  which have 
a ls o  shown th e  e x is te n c e  o f m ic ro -p la s t ic  flow in  g la s s e s . '
B esides th e  su rfa ce  c h a r a c t e r i s t i c s  o f g la s s e s ,  the  
knowledge of th e  s tre n g th  i s  o f th e  utm ost im portance. I t  i s  
known th a t  f r e s h ly  drawn g la s s  f i b r e s  a re  much s tro n g e r  as 
compared to  th e  aged ones. However, th e  a c tu a l  s t re n g th  of 
g la s s  i s  much l e s s  as  compared to  th e  th e o r e t i c a l  s t r e n g th . 
Indeed , th e  ru p tu re  s tre n g th  o f many s o l id s  i s  an exceed ing ly  
sm all f r a c t io n  o f th e  th e o r e t i c a l  s t re n g th . T h is d iscrepancy  
betw een th e  observed s tre n g th  and th e o r e t i c a l  s t r e n g th  has been 
ex p la in ed  on th e  c o n s id e ra tio n s  o f some s o r t  o f i n te r n a l  
d is o rd e r . G r i f f i t h  (1920) was th e  f i r s t  to  suggest th a t  th e re  
e x i s t  a nurriber o f f in e  c rack s  which r e a d i ly  p ropagate  under 
sm all s t r a i n  and th u s  reduce th e  s tre n g th  o f th e  s o l id .  I t  i s  
n a tu r a l  to  expect th a t  in  a d d it io n  to  th e  c rack s  in  the i n t e r i o r ,  
th e re  e x i s t  su rfa ce  c rack s  which would re a d i ly  be re v e a le d  during  
e tc h in g .
G r i f f i th  c rack s  a re  supposed in  the  body o f the 
m a te r ia l ,  b u t c o n s id e ra tio n s  s im ila r  to  those g iven  by him can
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b e  e q u a l l y  w e l l  a p p l i e d  t o  s u r f a c e  c r a c k s ,  a n d  I n d e e d  s u c h  
c r a c k s  h a v e  b e e n  a s s u m e d  b y  o t h e r  w o r k e r s  ( J o f f e  1 9 2 8 )  t o  
a c c o u n t  f o r  t h e  a n o m a lo u s  m e c h a n i c a l  s t r e n g t h  o f  b o t h  a m o r p h o u s  
a n d  c r y s t a l l i n e  s o l i d s .  F o r  so m e  t i m e  a t t e m p t s  f a i l e d  t o  sh o w  
t h e s e  c r a c k s  o n  t h e  g l a s s  s u r f a c e s  b y  t r e a t i n g  th e m  w i t h  HP 
a c i d  v a p o u r  a n d  s o d iu m  v a p o u r .  A n d r a d e  a n d  T s e i n  (1937) 
p r o v e d  s u c c e s s f u l l y  t h e  e x i s t e n c e  o f  t h e  s o - c a l l e d  G r i f f i t h ,  
c r a c k s  b y  d e v e l o p i n g  th e m  o n  t h e  s u r f a c e s  o f  d i f f e r e n t  t y p e s  
o f  g l a s s e s  w h e n  t r e a t e d  w i t h  h o t  s o d iu m  v a p o u r  i n  a  s p e c i a l  
a p p a r a t u s  u n d e r  c o n t r o l l e d  c o n d i t i o n s .  T h e  r e a s o n s  w h i c h  l e a d  
th e m  t o  c o n s i d e r  t h e s e  s u r f a c e  l i n e s  a s  d e v e l o p m e n t s  o f  G r i f f i t h  
c r a c k s  i n  t h e  s u r f a c e  m ay  b e  s u m m a r iz e d  a s  f o l l o w s : -
( a )  T h e s e  d e v e l o p  w i t h  t h e  a g e ;  b e i n g  a l m o s t  a b s e n t  
o n  f r e s h l y  p r e p a r e d  g l a s s  s p e c i m e n s .
(b )  T h e y  a r e  w e l l  d e v e l o p e d , i n  h a r d  g l a s s e s  a n d  h a r d l y  
f o u n d  i n  s o f t  g l a s s e s .
( c )  T h e  e f f e c t  o f  a  s c r a t c h  (m ad e  b y  a  d ia m o n d  p e n )  
i s  o f  i n t e r e s t .  T h e  e t c h i n g  r e v e a l e d  t y p i c a l  
c r a c k s  r u n n i n g  o u t  o n  b o t h  t h e  s i d e s  f r o m  t h e  
s c r a t c h ,  i n  t h e  d i r e c t i o n  a p p r o x i m a t e l y  n o r m a l  t o  
i t s  l e n g t h .  T h e  f u n c t i o n  o f  c r a c k s  w a s  t o  l i b e r a t e  
t h e  l o c a l  s t r e s s .
I n  v i e w  o f  t h e  a b o v e  d i s c u s s i o n s  i t  w a s  d e c i d e d  t o  
u n d e r t a k e  a  c o m p a r a t i v e  s t u d y  o f  t h e  e t c h i n g  o f  d i f f e r e n t  
o p t i c a l  g l a s s e s  ( F i r e - p o l i s h e d )  m ad e  a v a i l a b l e  i n  t h e  s h a p e  o f
‘ 81+ ,
1
s l a b s  b y  C h a n c e  B r o t h e r s  L t d . ,  W i t h  HP a c i d  v a p o u r
( 1 )  t o  d e t e r m i n e  t h e  s u i t a b l e  e t c h i n g  c o n d i t i o n s  u s i n g  
a n  a c i d  o f  a  c e r t a i n  c o n c e n t r a t i o n  a n d  t h u s  t o  
s u g g e s t  t h e i r  s u i t a b i l i t y  f o r  p r e p a r i n g  t h e  
g r a t i c u l e s  a n d  t r a n s p a r e n t  s c a l e s  f o r  t h e  o p t i c a l  
i n s t r u m e n t s .
( 2 )  t o  r e v e a l  t h e  n a t u r e  o f  s u r f a c e  l a y e r  i n  f i r e  a n d
. m e c h a n i c a l l y  p o l i s h e d  g l a s s e s  a n d  a l s o  t h e  d e f e c t s
i n  t h e  m a t e r i a l .
( 3 )  t o  r e v e a l  t h e  e x i s t e n c e  o f  s u r f a c e  c r a c k s  w h i c h  a r e  
n o t  o r d i n a r i l y  v i s i b l e .
T h e  e t c h i n g  o f  f u s e d  s i l i c a  p l a t e s  s u p p l i e d  b y  
T h e r m a l  S y n d i c a t e  w a s  a l s o  d o n e  w i t h  b o t h  HP a c i d  v a p o u r  a n d  
NaOH s o l u t i o n .  U s u a l l y  t h e  r a t e  o f  b i t e  o r  t h e  d e p t h  o f  
e t c h i n g  i s  d e t e r m i n e d  f r o m  t h e  l o s s  o f  w e i g h t  o f  t h e  g l a s s .
I t  i s  r a t h e r  a  c r u d e  m e t h o d .  I t  w i l l  b e  r e a l i s e d  t h a t  t h e  
a c c u r a c y  i n  s u c h  a  d e t e r m i n a t i o n  i s  h i g h l y  l i m i t e d .  We h a v e  
now  a t  o u r  d i s p o s a l  s u c h  h i g h l y  s e n s i t i v e  o p t i c a l  a n d  i n t e r -  
f e r o m e t r i c  t e c h n i q u e s  d e v e l o p e d  b y  T o l a n s k y  (19W , 52) t h a t  
t h e  d e t a i l e d  s t u d y  o f  e t c h i n g  o f  g l a s s e s  s e e m s  p r o f i t a b l e .
1
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CHAPTER X.
ETCHIHG OP THE OPTICAL GLASSES
10#1. P rocedu re . The chem ical a c tio n  o f HP a c id  on s i l i c a  
which i s  one o f the  most .im portant c o n s t i tu e n ts  o f o p t ic a l  
g la s s ,  i s  used fo r  e tc h in g  g la s s .  The etching* can he done 
w ith  the  HP a c id  vapour o r w ith  an aqueous s o lu tio n  o f th e  ^
a c id . In  the form er c a se , the  e tch ed  su rfa c e  appears opaque 
and d u l l  w hile  in  the l a t t e r  c a se , sh in in g  and tr a n s p a re n t .
P or e tc h in g , the g la s s  i s  covered w ith  a f ilm  o f wax o r 
r e s i s t a n t  v a rn ish , the p o r t io n  to  he e tch e d  can e i t h e r  he l e f t  
u n covered  or i s  drawn on the waxed su rfa c e  w ith  a s ty lu s .
A fte r  th e  e tc h in g  i s  done the  g la s s  i s  im m ediately t r a n s f e r r e d  
in to  w ate r to  r e s i s t  th e  a c tio n  o f the  a c id  and then  the  v a rn ish  |  
o r r e s i s t  i s  washed o f f  w ith  tu rp e n tin e  o r  henzer» e t c . ,
S ince the e tc h in g  o f th ese  o p t ic a l  g la s s e s  was to  he 
done a t  d i f f e r e n t  te m p e ra tu re s , a p ro p e r r e s i s t a n t  v a rn ish  was 
p re p a re d , so th a t  i t  cou ld  e a s i ly  s tan d  tem pera tu res up to  80^0*
A m ix ture o f o rd in a ry  beeswax (E nglish) M.P. 60°G, In d ian  b ees­
wax, M.P. 65^0 and c a rn a u b a -re fin o d , M.P. 85^0 in  the r a t i o  o f 
4 :2 :1  was p re p a re d . T h is  m ixture would e a s i ly  spread  over the  
su rface  to  be e tch ed  and f in e  sharp l i n e s  cou ld  be made through  
t h i s  by g e n tly  drawing a n eed le  a c ro s s . S ev era l ways o f making 
a sharp l in e  over th ese  g la s s  specimens were t r i e d ,  b e fo re  the  
s c ra tc h  method was f i n a l l y  adopted  fo r  th e  subsequent e:Q )eri- ^  
m ents.
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TABLE 2
. EXTRA LIGHT FLINT' (ELF).
- ! ,g-T - < ' i
' S -: j
Specimen k ep t a t  a d is ta n c e  o f 5*5’eras from th e  a c id  (Gone. 40^) !
Tem perature in  ®G.
* t
Time o f e tc h in g Depth o f e tc h in g  in  \ 
10*"  ^ eras. 1
42 , ' 30" , : :
*. «. .c «• H p
1.495
/Ÿ - - ' -
42 ; I ? • 60" ■ ', '
-.Uj'.';---. .
3#66 ., i
'icL: ... . _____ J
58
_ ----- 4
: 7.723
58 60"
 ^ r  1
' 12 .57 ' !
. " ... / :  : : .........
75 30” "
- ’ /  :
. -
13.22
.2 S ?  ‘ • È
75 60” ; 16.32 ,
T < 3 - .
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I
A b r i e f  d e s c r ip t io n  o f th e  ap p a ra tu s  (F ig . 109) used ^  
f o r  th e  e tc h in g  o f g la s s  w ith  HF a c id  vapour has a lre ad y  been 
g iven  in  the  C hapter '2* Ten o p t ic a l  g la s s e s  (F ire -p o lish e d )  
o f known chem ical com position (Table l )  were examined b o th  in  
tran sm iss io n  and r e f l e c t io n  fo r  t h e i r  in te r n a l  and su rface  
d e fe c ts  b e fo re  e tc h in g . The in te r n a l  flpw s o f th ese  g la s s e s  
a re  more or l e s s  o f  the  same n a tu re  and m agnitude. I t  i s  
seen  th a t  B o ro s i l ic a te s  g e n e ra lly  co n ta in  sm all bubb les whereas 
they  are  abundantly  in  Barium Crown and more e sp e c ia lly  in  
B ary ta  F l in t  which o f te n  d e v i t r i f y  in  a i r .
To s t a r t  w ith  EIF was e tch ed  a t  d i f f e r e n t  tem p era tu res  
f o r  d i f f e r e n t  tim es fo r  a g iven  c o n c e n tra tio n  o f the a c id . The
. ■ j
measurements o f dep th  o f e tc h in g  a re  done by the f a m il ia r  "j
o p t ic a l  and in te r fe ro m e tr ic  tech n iq u es  (Tolansky 1948, 1952). J  
The r e s u l t s  a re  g iven  in  Table 2. The e tch ed  su rface  i s  very  ^  
rough from the  p o in t  o f the  in te r fe ro m e tr ic  s ta n d a rd s ; however,  ^
th e  tech n iq u es  o f L ig h t-P ro f i le  and L igh t-C u t a re  very  u s e fu l  
in  making dep th  measurements over such m att s u rfa c e s . In  some 
ca ses  i t  was a lso  p o s s ib le  to measure the  dep th s by the  f r in g e s  
o f equa l chrom atic o rd e r . Depths more than  10 (10*3 cm) a re
sometimes m easured by the method o f fo cu ss in g  a ls o .
The arrangem ent having  been found s a t i s f a c to r y ,  a 
d e ta i le d  s tudy  o f  the  e tc h in g  o f - a l l  the te n  o p t ic a l  g la s s e s  in  
l o t s  o f 3 , 4 and 9 specimens was taken  up. In  the  f i r s t  l o t  
TF, HC and W  a re  e tch e d , th e  r e s u l t s  o f the  d ep th  o f e tc h in g  
are  g iven  in  ta b le  3*
J J
i
ü
I
&i9o
jMte \ Il ^
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TABLE 3.
Speolinens k ep t a t  a d is ta n c e  o f  2 oms from th e  a c id  (con'c
Depth o f e tc h in g  in  lO”^  cm.
Tem perature ' : Time o f
E tch in g  ,
TP HO ’
18.25 10» 12.72 12.40 15.31 ^
18.25 20* 26.34 18.61 30.47 ^
18 30» 43.17 27.08
i
52.29
14.5 60» 46.41 27.55 64.40
23.25 ;  5’ 6.134 4.908 6.466
18.75 10» 15.1 14.24 16.35
19 30" .865 1.05 1.117
15 60" 1.385 2.191 2.811
3\
L^ >C
e
€
F
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The m icrographs o f the  e tch ed  su rfa c e s  are  g iven  in  fig s*  (110-112) 
^  I t  i s  in te r e s t in g  to  no te  t h a t  the  in te r n a l  d e fe c ts  (gas bubb les , 
and c ra c k s , e tc * ) a re  e a s i ly  re v e a le d  by etch ing*  In  the 
course o f th e se  o b se rv a tio n s  i t  was found th a t  TP used to  e tc h  
more e a s i ly  th an  HC and DP, b u t when the tim e o f e tc h in g  was 
reduced to  a few seconds ( le s s  th an  60” ) ,  i t  was no ted  th a t  
th e re  was a d e p a rtu re  from the normal course o f  e tc h in g  in  the  
case o f TP* The sequence o f  e tc h in g  had changed. The sudden 
decrease  i n  the  d ep th  o f  e tc h in g  f o r  TP suggested  th a t  the  top 
la y e r  had a d i f f e r e n t  chem ical com position  than  th a t  o f the 
b u lk . In  t h i s  connec tion  i t  i s  o f i n t e r e s t  to  p o in t  out th a t  
O lazebrook (1923) and Twyman (1942) re p o r t  th a t  the  su rfa ce  
la y e r s  o f the  o p t ic a l  g la s s e s  have a d i f f e r e n t  r e f r a c t iv e  index  
as compared w ith  t h a t  o f the b u lk  which su g g es ts  the  e x is te n c e  
o f a su rface  la y e r  on the o p t ic a l  g lasses*  ,
In  th e  second s e t  LBC, Zc, 3P and LBP and in  the ;^i
th i r d  group DEC, BDP and ELP a re  e tch ed  and th e  dep ths o f 
e tc h in g  f o r  v a r io u s  d u ra tio n s  o f e tc h in g  a re  made a t  d i f f e r e n t  
tem peratures*  In  th e  fo u r th  l o t  a l l  the n ine  specim ens a re  
etched* These r e s u l t s  a re  g iven  in  th e  ta b le s  4 , 5# and 6 ( a ) ,
I
re sp e c tiv e ly *  Some o f th e  p ic tu r e s  o f the  f r in g e s  o f  equal 
chrom atic  o rd e r a re  g iven  in  fig*  113 (a***h). Table 6 (b) 
shows the com parison betw een the  measurements o f th e  dep th  of‘ I
o f e tc h in g  by the  f r in g e s  o f eq u a l chrom atic o rd e r and l ig h t- ^  
p r o f i l e  o r l i g h t - c u t  f o r  a p a r t i c u l a r  experim ent o f etch ing#
\
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TABIÆ 4 .
Specimens kep t a t  a d is ta n c e  o f 2 cms from the a c id  (conc. 35^)
D epth o f e tc h in g  in  10“^ cm.
Tem perature 
in  °0 .
Time
o f
E tch in g
LBC LBP 2c
20 30»» .55 .41 .682 .42
20 60*» 2.57 3 .53 1.21 3 .2 7
21 kO”. 1.65 2 .7 4 .972 2.13  ^
22 60” 5 .2 9 .1 2 .4 8 .4  ^
22 5 ’ 9 .13 16 .0 5 .2 11.73
22 2* 6 .52 11.5 3 .3 9 .3
TABIÆ 5.
Specimens k ep t a t  a d is ta n c e  o f  2 cms from th e  a c id  (conc.
Depth o f e tc h in g  in  10~^ cm.
Tempepatupe 
In  oc.
Time
o f
E tch in g
ELF EPF DEC
27 30" 2 1 .8 2 .5
24 60" 3.75 4 .5 5 .5
18 .5 40" 1 .96 1 .4 2 .1
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The v a lu e s  quoted In  ta b le  6 (b) f o r  the  l i g h t - p r o f i l e  a re  
s l i g h t l y  h ig h e r th an  those  of f r in g e s  of equal chrom atic o rd e r. 
The d if fe re n c e  in  th e  two s e t s  o f v a lu e s  i s  w ith in  th e  accuracy 
claim ed by th e  l a t t e r  tech n iq u e . P ig s . {12h -  119) show the  
e tch e d  su rfa c e s  o f th e se  g la s s e s  under v a rio u s  c o n d itio n s  o f 
e tc h in g .
10.2# Summary o f th e  r e s u l t s .  I t  can be seen from th e
ta b le  3 th a t  th e  th re e  g la s s e s  can be arranged  as  DP, TP and
HO in  the  d ec rea s in g  o rd e r o f th e  d ep th  o f e tc h in g . TP i s
comparable to  DP in  th e  dep th  o f e tc h in g  a lthough  i t  has a h igh
p ercen tag e  o f s i l i c a .  P robably  i t  i s  because o f th e  good
amounts o f Na^O, SbgOj and PbO p re s e n t  in  TP.
The g la s s e s  o f th e  second group can be a rran g ed  as
LBC, Zc, BP and IBP in  th e  d e c re a s in g  o rd e r o f th e  dep th s o f
e tc h in g . On s im ila r  c o n s id e ra tio n s  th e  c l a s s i f i c a t i o n  i s
j u s t i f i a b l e .  I t  i s  PbO in  th e  case  o f BP which makes i t  e tc h
re a d i ly  a lthough  th e  o th e r  c o n s t i tu e n ts  a re  more o r l e s s  the
same. P u r th e r  in  the case o f LBP we f in d  th a t  i t  has go t
B_0^ a ls o  which p ro b ab ly  makes i t  more r e s i s t a n t  to  th e  a c tio n  a ^
o f the  a c id . In  th e  case o f IBC i t  i s  K^O and f o r  Zc i t  i s  
ZnO, which make th e s e  g la s se s  e tc h  b e s t .  The d if fe re n c e  in  
the  dep th s o f e tc h in g  i s  accoun tab le  by th e  d i f f e r e n t  amounts 
o f  SiOg p re se n t  in  th e se  g la s s e s .  IBC g iv es  the  b e s t  response 
to  the  a c tio n  o f th e  a c id  vapour i r r e s p e c t iv e  o f th e  tem peratu re 
and c o n c e n tra tio n .
%The g la s s e s  under the  th i r d  l o t  may he arranged  in  
th e  fo llo w in g  o rd e r a s  DBG, S32P and ELF re s p e c t iv e ly .  . The 
q u a n t i t ie s  o f d i f f e r e n t  ox ides e a s i ly  account f o r  the  d if fe re n c e  
in  t h e i r  degree o f e tc h in g . T his tim e a l l  the n ine  g la s s e s  
a re  e tch ed  sim u ltan eo u sly  under id e n t i c a l  c o n d itio n s  and have 
been arranged  in  Table 6 (a ) . A graph  (P ig . 120) showing the 
r e l a t i o n  between th e  v a r ia t io n  o f th e  d ep th  o f e tc h in g  w ith  
tem pera tu re  i s  in te r p r e te d  in  term s o f th e  percen tag e  o f  SiO^ 
in  a p a r t i c u l a r  g la s s .  The fo llo w in g  f e a tu re s  from th e  graph 
a re  no tew orthy•
( i )  G lass c o n ta in in g  a h ig h e r p ercen tag e  o f SiOg 
i s  more r e s i s t a n t .
( i i )  Lead, B a ry ta , and B o ro s i l ic a te  g la s s e s  e tc h  q u ite  
r e a d i ly .
( i i i )  Soda-liroe g la s s e s  e tc h  s t i l l  l e s s  and th e  pyrex  
(h y s il)  e tc h e s  l e a s t .
( iv )  In c rease  in  tem pera tu re  red u ces  the tim e o f
e tc h in g  c o n s id e ra b ly . €
(v) P or deep l in e s  w ith  c le a r  edges a h ig h  c o n c e n tra tio n  
a c id  i s  recommended f o r  vapour e tc h in g .
(v i)  The d if fe re n c e  in  th e  degree o f e tc h in g  f o r  th e  
d i f f e r e n t  g la s s e s  can be r e a l i s e d  only fo r  h ig h e r 
dep ths o f e tc h in g s .
( v i i )  Por low er dep ths o f e tc h in g  ( in  the  re g io n  o f  th e  
su rfa ce  la y e r )  i t  appears t h a t  a l l  g la s s e s  e tc h  in
a
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a s im ila r  way. T h is confirm s th e  view th a t  
th e  top la y e r  i s  p r o f ic ie n t  in  s i l i c a  c o n te n ts .
10.3* Comparison of the  P h y s ic a l p ro p e r t ie s  o f g la s s ;  y
Howes (1955) a f t e r  T ay lo r (19^9) w hile  in v e s t ig a t in g  I 
the  f r a c tu r e  s tre n g th  o f th e se  o p t ic a l  g la s s e s  (m echanically  
p o lish e d  d is c s )  has arranged  them in  th e  o rd e r o f the  d ec reas­
ing  p e rcen tag e  of SiOg and th u s  a com parison has been drawn 
among th e  v a r io u s  p h y s ic a l p r o p e r t ie s .
There a re  c e r ta in  anom alies w ith  r e s p e c t  to  the 
p o s i t io n s  o f th e se  g la s s e s  in  the ta b le  ?• F or example, the  
e l a s t i c  p ro p e r t ie s  and th e  in d e n ta tio n  hardness o f MBO are  
g re a te r  th an  those  fo r  any o th e r  g la s s ,  y e t  i t s  f r a c tu re  
s tr e n g th  and su rface  hardness v a lu es  a re  q u ite  low compared 
w ith  o th e r  g la s s e s .  On th e  o th e r  hand the  f r a c tu r e  s t r e n g th  
and su rfa ce  hardness o f TP and BIP g la s s e s  a re  r e la t iv e ly  
h igh  w hile th e  e l a s t i c  q u a n ti ty  and the in d e n ta tio n  hardness 
a re  low when compared to  the o th e r  g la s s e s .  The answer to  
such q u e r ie s  may p o s s ib ly  be g iven  i f  th e  n a tu re  o f the p o l is h -  
la y e r  in  th e se  g la s s e s  i s  a s c e r ta in e d . Indeed in  the nex t 
ch a p te r  th e  e x is te n c e  o f a p o l is h  la y e r  i s  p roved .
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10.4# De^^la|iBf y^»t. mf *myf&0e c ra c k s ; The work h i th e r to  
d e sc rib e d  about the e tc h in g  of the o p t ic a l  g la s s e s  (F ire -  
p o lish e d )  i s  concerned c h ie f ly  w ith  tlie measurements o f the 
dep th  o f e tc h in g . But a c a re fu l  exam ination  o f the e tch ed  
s u r fa c e s  o f th ese  g la s s e s  under d i f f e r e n t  s ta g e s  o f e x p e r i­
m en ta tion  re v e a ls  some in te r e s t in g  f e a tu r e s .  These f e a tu r e s
#
seem to  be tlie c h a r a c t e r i s t i c s  o f a p a r t i c u l a r  g la s s .  In  
some oases one f in d s  z ig zag  l in e  s t r u c tu r e  which in  a l l  
p r o b a b i l i ty  seem^ to  be c ra c k s . In  o rd e r to  s o r t  o u t w hether 
t  lie se c rack s a re  as  a r e s u l t  o f  th e  s c ra tc h in g  p ro c e ss  (used 
f o r  making l in e s  on th e se  su rfa c e s  when covered w ith  th e  r e s i s t )  
o r a re  in h e re n tly  p re se n t  in s id e  th e  g la s s e s ,  th re e  specim ens 
o f DF, LBC and H y sil f i r e - p o l is h e d  su rfa c e s  e tch ed  fo r  60” 
a t  a tem pera tu re  o f 19°0 w ith  HP a c id  vapour. To avo id  the  
s c ra tc h in g  p ro c ess  only  a p o r t io n  o f each  specimen ï e  e tch ed  
w h ile  the r e s t  o f i t  i s  covered  w ith  the r e s i s t a n t  v a rn ish . 
F ig s .  121-123 show the  magnitude o f th e  s o -c a l le d  G r i f f i t h  
c rack s  in  th ese  g la s s e s  having w idely  d i f f e r e n t  p e rcen tag es  
o f SiOg (Ref. Table l ) .  F u r th e r ,  to  b r in g  ou t a c le a r  
d if fe re n c e  between th e se  c rack s  and the p o lis h in g  m arkings e t c .  
a m echan ica lly  p o lish e d  g la s s  d is c  o f KLP i s  e tch ed  f o r  20” a t  
a tem pera tu re  o f  25^0 in  HP ac id  vapour. The e tch ed  su rfa ce  
shown in  fig#  124 c le a r ly  re v e a ls  th e  p r e f e r e n t i a l  a t ta c k  o f 
th e  e tc h a n t along th e  p o lis h in g  markings#
I t  i s  concluded th a t  th e  g la s s  having the  h ig h e s t
V\v
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; p e rcen tag e  o f S10_ has the  l a r g e s t  nim her o f th e  s o -c a l le d
• ^ * # * * - f ,
G r i f f i t h  c ra c k s . These o b s e rv a t io n s 'a re  in  harm ony'w ith 
those  o f  Andrade and T se in  .(1937) and th u s  support .the view 
h e ld  by G r i f f i t h  (1920). . ; 7
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CHAPTER I I .
POLISHING LAYER IN GLASS; *
Prom a la rg e  p la t e - g la s s  o f n e a r ly  known com position  
a la rg e  number o f specim ens are  c u t .  H alf o f  th e se  a re  
m echan ica lly  p o lish e d  w ith  gama alum ina powder d isp e rse d  in  
w ate r and fed  to  se Ivy  t  c lo th  f ix e d  to  a r o ta t in g  d is c  of a 
p o l is h in g  machine* These sm all b lo c k s  o f g la s s  a re  p o lish e d  
f o r  n e a r ly  4  h r s .  Some o f th ese  a re  used  f o r  th e  e tc h in g  
experim ents w ith  HP a c id  vapour, and some fo r  the  su rfa c e  
h ardness measurements*
1 1 .1 . E tch in g  o f P i re -p o l is h e d  & M echanically  p o lis h e d  g la s s .
S ev era l o b se rv a tio n s  on the  e tc h in g  o f th e  P .P  and
M.P g la s s  su rfa c e s  a re  made a t  d i f f e r e n t  tem p era tu res  fo r
d i f f e r e n t  tim es o f exposu re , u s in g  an a c id  o f a c o n s ta n t
c o n c e n tra tio n . The r e s u l t s  a re  g iven  in  Table 8. . The
experim en ts y ie ld .q u i te  prom ising  r e s u l t s  which show th a t  the
m echan ica lly  p o lish e d  g la s s  su rfa ce  i s  more r e s i s t a n t  to  the
a c tio n  o f the  c o rro s iv e  as  corrçpared to  th e  f i r e  p o lish e d
s u r fa c e . I t  in d ic a te s  th a t  du ring  p o l is h in g , th e  g la s s  has
♦
developed a la y e r  a t  th e  to p , d i f f e r e n t  from the  i n t e r i o r .
The p o l i s h - la y e r  seems to  be p r o f ic ie n t  in  SiOg. The d i f f e r -  ^  
ence betw een the  chem ical a c t i v i t y  of th e  two g la s s  su rfa c e s  
w ith  HP a c id  i s  due to  the  f a c t  th a t  th e  su rface  la y e r s  in  
th e se  have d i f f e r e n t  amounts o f  8iOg. Thus the o b se rv a tio n s  
a re  in  harmony w ith  the co n c lu s io n s  a lre a d y  drawn in  c h a p te r  X
100
TABLE 8. 
PLATE-GLASS
Depth o f e tc h in g  in  lO”^  cm
Tem perature 
in  °C.
Time o f 
e tc h in g
P ire -p o lis h e d
su rfa c e
M ech an ica lly -p o lish ed  
su rface  , ,
Oonc , o f a c id
19 .2 30" 1.753 1 .39
18.0 60" 3.241 2.732
20.5 20" 1 .06 .661
g
fo r  the  f i r e  p o lish e d  g la sses*  So f a r  no assunrption has been 
made about th e  mechanism o f p o lish in g *  I t  appears th a t  the  
e x is te n c e  o f a p o l is h  la y e r  having d i f f e r e n t  p h y s ic a l p ro p e r t ie s  
from those o f the i n t e r i o r  can  be r e a l is e d  e a s i ly  on the  b a s is  
o f flow th eo ry  a lread y  d isc u sse d  in  ch a p te r IX* The th ic k n e ss  
o f th e  p o l i s h  la y e r  fo r  t h i s  p la te - g la s s  may be suggested  n e a r ly  
equa l to  *3 ^  • I t  i s  o f i n t e r e s t  to  f in d  th a t  th e  p o l is h  la y e r  
covers c e r ta in  d e fe c ts  o f th e  p rep ared  s u r fa c e , such as p i t s  and 
s c ra tc h e s  and g iv e s  to  the p o lish e d  su rface  a f a ls e  appearance 
o f co n p le te  homogeneity; however, e tc h in g  r e v e a ls  a l l  these*
1 1 .2 . S u rface  Hardness M easurements.
(a) D e f in it io n  o f H ardness: . Nothing i s  a tte n d e d  w ith  
g re a te r  d i f f i c u l t y  than  th e  e s ta b lish m e n t o f  an accu ra te  s c a le  
f o r  the  degree o f  h a rd n ess . There are  a t  l e a s t  f iv e ,  f a i r l y  
d i s t i n c t ,  ty p es  o f methods which have been employed in  the  
measurement o f m echanical h a rd n ess : ( l )  P e n e tra tio n
a / ' : . .
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(2) A brasion  (3) P ro p e r t ie s  o f E l a s t i c i t y  (4) M agnetic 
(5) E le c t r i c  M ethods. H ardness in  g e n e ra l may be d e fin ed  to  
be tlie r e s is ta n c e  o f  a s o l id  to  th e  d isp lacem ent o f  t h e i r  
p a r t i c l e s .  The m agnitude o f t h i s  r e s is ta n c e  i s  t h e i r  degree 
o f h a rd n ess , th e  one th a t  s t a t e s  th a t  hardness i s  the  r e s i s t ­
ance to  perm anent defo rm ation  im p lie s  a d e f in i te  r e la t i o n  
betw een hardness and the  e l a s t i c  p r o p e r t ie s  o f a body.
In  t h i s  co n n ec tio n  to  d e te c t  the  e x is te n c e  o f any 
su rface  la y e r  on the p o lis h e d  g la s s ,  d i f f e r e n t  from th e  i n t e r i o r ,  
th re e  m ethods a re  t r i e d  f o r  th e  d e te rm in a tio n  o f  the  hardness 
number f o r  th e  P .P . and M.P. g la s s  s u r fa c e s .
( i )  Diamond Square Pyramid In d e n ts r .
e:
( i l )  Double Cone In d e n te r .
( i i i )  S u rface  A brasion  -  Using an in te g r a t in g  sphere
o p t ic a l  smoothness m eter.
( i )  Diamond Square Pyram id In d e n te r ;  The Diamond Pyramid
H ardness number f o r  the  P .P  and M.P su rfa c e  o f the p l a te - g la s s
i s  determ ined  by u s in g  th e  s a id  in d e n te r .  The V ickers*
machine u sed  fo r  the  m ic ro - in d e n ta tio n s  (P ig . 2) has been
d e sc rib e d  in  C hapter I I .  D.P.H. number f o r  d i f f e r e n t  lo ad s  i s
c a lc u la te d  from the r e l a t i o n  Hv.p, = where P i s  the
d^
load  in  gms. and d i s  the  average d iag o n a l o f the in d e n ta t io n  
in  m icron (lO"*^ cm s). The r e s u l t s  a re  e n te re d  in  ta b le  9*
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TABLE 9 .
H a r d n e s s  N u m b e r e m p l o y i n g  D ia m o n d  S q u a r e  P y r a m i d  I n d e n t e r .
L o a d  i n  g m s .
D.P.H .
P i r e  P o l i s h e d  g l a s s M e c h a n i c a l l y  P o l i s h e d  g l a s s
200
100
50
20
565
572
534
520
580
592
558
541
The hardness numbers f o r  the  two su rfa c e s  do n o t 
show an ap p rec iab le  d if fe re n c e  and th e re fo re  as  y e t  no s ig n i ­
f i c a n t  ev idence i s  a v a ila b le  from th e  above r e s u l t s  re g a rd in g  
the  e x is te n c e  o f a su rface  la y e r .  I t  i s  b u t n a tu r a l  s in ce  th e  
p e n e tr a t io n  o f the  pyram id in d e n te r  i s  v ery  deep and hence th ese  
v a lu e s  o f hardness more o r  l e s s  co rrespond  to  th e  b u lk  r a th e r  
th an  only fo r  th e  su rface  la y e r .
( i l )  Double Cone In d e n te r  : The same V ickers* machine (P ig . 2 .)
i s  used  fo r  t h i s  in d e n te r  a ls o .  The hardness number i s  o b ta in ed
from the r e l a t i o n ,  where C i s  eq u a l to  .3 6 1 .
Od"^  (mm)
The v a lu es  a re  g iven  in  ta b le  10. P ig s .  125 (a , b) and 126 
(a , b) show th e  in d e n ta t io n s  f o r  the  lo ad s  400 and 300 gms on the  
two s u rfa c e s . Prcsn the  phase c o n tr a s t  p ic tu r e s  o f th ese
HcCt-
in d e n ta tio n s  one can see d i s t i n c t l y  th e  s u r fa c e ^ re s u l ts  (from 
th e  flow theory^ in  the  case  o f  p o lish e d  g la s s .
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TABLE 10.
L o a d  i n  g m s . F i r e  P o l i s h e d  g l a s s M e c h a n i c a l l y  p o l i s h e d  g l a s s  
Ü.D-e.-
400 573 . : 658 -
300 501 665
200 571 649
i
T h e s e  h a r d n e s s  v a l u e s  sh o w  a n  a p p r e c i a b l e  d i f f e r e n c e .  I n d e e d  
i t  w a s  e x p e c t e d  a l s o  b e c a u s e  o f  t h e  d i f f e r e n c e  i n  t h e  n a t u r e  
o f  t h e  i n d e n t a t i o n s .  I t  i s  p r o m i s i n g  t o  f i n d  t h a t  now  t h e  
e v i d e n c e  i s  s e t  u p  f o r  t h e  e x i s t e n c e  o f  a  s u r f a c e  l a y e r  i n  t h e  
c a s e  o f  m e c h a n i c a l l y  p o l i s h e d  g l a s s  s u r f a c e .  I n  c o n c l u s i o n  
i t  i s  s u g g e s t e d  t h a t  t h e r e  e x i s t s  a s u r f a c e  l a y e r  f o r  t h e  
p o l i s h e d  g l a s s  s u r f a c e  a n d  t h a t  t h e  h a r d n e s s  n u m b e r  i s  g r e a t e r  
f o r  t h i s  s u r f a c e  t h a t  t h a t  f o r  t h e  f i r e  p o l i s h e d  g l a s s  s u r f a c e ,  
( i i i )  A b r a s i o n  M e th o d ;  T h e  m e th o d  e m p l o y i n g  a n  i n t e g r a t i n g  , 
s p h e r e  O p t i c a l  S m o o t h n e s s  M e t e r  i s  v e r y  s e n s i t i v e  t o  d e t e c t  
s m a l l  c h a n g e s  i n  s u r f a c e  s t r u c t u r e .  T h u s  i t  i s  e x p e c t e d  t h a t  
t h e  e x i s t e n c e  o f  t h e  p o l i s h  l a y e r  w i l l  b e  v e r y  w e l l  sh o w n  i n  
t h i s  e x p e r i m e n t .  T h e  m e th o d  i s  a l l  t h e  m o re  s e n s i t i v e  i n  t h e  
r e g i o n  o f  h i g h  r e f l e c t i v i t i e s  a n d  t h e r e f o r e  t h e  a b r a d e d  s u r f a c e s  
a r e  t h i c k l y  s i l v e r e d  t o  o p a c i t y .
T h e  m e th o d  f o l l o w e d  i s  d u e  t o  C h a l m e r s  (1941) • T h e  
p a r t i c l e s  o f  a b r a s i v e  a r e  d r o p p e d ^ n  t o  t h e  s u r f a c e  u n d e r  e x a m ­
i n a t i o n ,  t h r o u g h  a n  o r i f i c e  o f  c o n s t a n t  d i a m e t e r ,  dow n  a  t u b e  
o f  f i x e d  s i z e .  I n  e s s e n c e  i t  i s  a  s t a t i s t i c a l  e f f e c t  o f  a
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la rg e  number o f m inute in d e n ts  be ing  made on the su rfa c e  la y e r -  
analogous to  the  w e ll knov/n in d e n ta tio n  methods f o r  b u lk  hard ­
n ess  o f m etals* Chalmers ap p lie d  t h i s  techn ique f o r  m easuring
ti
th e  hardness o f th in  e le c t r o p la t in g s  and o f th e  su rfa c e s  o f the 
m e ta ls  t r e a te d  in  many d i f f e r e n t  ways* S ta rk ie  (1942) extended 
t h i s  method to  p l a s t i c s  and g la s s ,  b u t employed carborundum 
p a r t i c l e s  in s te a d  o f th e  rounded s i l ic a - s a n d  p a r t i c l e s .  The 
method i s  e m p ir ic a l s in ce  i t  in v o lv es  a la rg e  number o f 
c o n s ta n ts .
In  the experim en ts c a r r ie d  o u t, a graded SiC powder 
i s  u se d , the p a r t i c l e s  o f  which had an average d iam eter o f .04  mm# 
T his powder i s  dropped down a v e r t i c a l  g la s s  tube o f d iam ete r  ^
and le n g th  100 cm s., th rough  an o r i f i c e  a t  th e  to p , o f ç ” d ia ­
m eter . These c o n d itio n s  make th e  p a r t i c l e s  f a l l  downwards 
s te a d i ly  from the tu b e . The specimen i s  t i l t e d  a t  an angle o f 
45° to  the  v e r t i c a l  so th a t  once th e  p a r t i c l e s  hawe impinged on 
th e  su rfa c e  they  rebound away from i t  and do no t s t r i k e  a second 
tim e . For each  t e s t  an e l l i p t i c a l  ab ra s io n  a re a  i s  o b ta in ed  by  ^
d ropping  150, 100 and 50 gms o f  SiC on b o th  the  P .P  and M.P 
su rfa c e s  o f the p l a t e - g l a s s .  These abraded  a re a s  a re  s i lv e re d  
and examined m ic ro sc o p ic a lly  and t h s i r  appearance can be seen  
in  P ig s .  127 ( a ,b ,c )  and 128 ( a ,b , c ) .  I t  can be seen  th a t  the  
p i t s  a re  i r r e g u la r  in  shape and t h a t  t h e i r  number in c re a se s  w ith  
in c re a s in g  w eight o f SiC dropped, and a lso  changes .w ith  the type 
o f s u r fa c e s .
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{gnp O p t i c a l  M e a s u r e m e n t s ;  . T h e  m e th o d  e m p lo y e d  b y  b o t h  
C h a lm e r s  a n d  S t a r k i e  f o r  m e a s u r i n g  t h e  e f f e c t  o f  t h e  a b r a s i o n  
o n  t h e  s u r f a c e ,  w a s  t o  m e a s u r e  t h e  d e c r e a s e  i n  t h e  s p e c u l a r  
r e f l e c t i o n  o r  t r a n s m i s s i o n #  C h a lm e r s  u s e d  a  n u l l  m e th o d  f o r  
o b t a i n i n g  t h e  v a l u e  o f  t h e  s p e c u l a r  r e f l e c t i o n  b y  b a l a n c i n g  o u t  
t h e  c u r r e n t  f r o m  tw o  p h ô t o - c e l l s ,  o n e  o f  w h ic h  c o l l e c t e d  t h e  
r e f l e c t e d  l i g h t  f r o m  t h e  s u r f a c e ,  o r i g i n a t i n g  f r o m  a  c o n s t a n t  
l i g h t  s o u r c e .  He m e a s u r e d  t h e  e f f e c t  b y  f i n d i n g  t h e  r a t i o  o f  
t h e  s p e c u l a r  r e f l e c t i o n  f o r  a  k n o w n  w e i g h t  o f  a b r a s i v e  d r o p p e d  
a n d  t h a t  o f  t h e  u n a b r a d e d  s u r f a c e .  T h e  w e i g h t  o f  s a n d  p a r t i c l e s  
i n  g m s . r e q u i r e d  t o  r e d u c e  t h i s  r a t i o  t o  0 . 5  w a s  t a k e n  a s  a  
m e a s u r e  o f  t h e  s u r f a c e  h a r d n e s s .
H ow es (1955) m e a s u r e d  t h e  s u r f a c e  h a r d n e s s  o f  som e 
m e t a l s  a n d  o p t i c a l  g l a s s e s  b y  m e a s u r i n g  t h e  c h a n g e  i n  t h e  d i f f u s e  
r e f l e c t i v i t y  a s  w e l l  a s  t h a t  f o r  t h e  s p e c u l a r l y  r e f l e c t e d  l i g h t  
f r o m  t h e  a b r a d e d  s u r f a c e s  e m p lo y in g  i n t e g r a t i n g  s p h e r e  o p t i c a l  
s m o o th n e s s  m e t e r  d e v i s e d  b y  G u i l d  (1940) w i t h  som e m o d i f i c a t i o n s .  
T h i s  i s  sh o w n  i n  P ig . 129* A i s  t h e  la m p  h o u s i n g  a n d  o p t i c a l
s y s t e m ,  f r o m  w h ic h  a  b e a m  o f  l i g h t  i s  d i r e c t e d  o n  t o  t h e  s p e c i m e h l
s u r f a c e  p l a c e d  a t  C . T h e  f i l a m e n t  o f  t h e  la iq p  i s  a p p r o x ­
i m a t e l y  f o c u s s e d  o n  t h e  s p e c im e n  a n d  t h e  a p e r t u r e  i r i s  d ia p h r a g m
i s  e x a c t l y  f o c u s s e d  a t  E .  T h e  la m p  i s  s u p p l i e d  w i t h  a  c o n s t a n t
v o l t a g e  f r o m  a c c u m u l a t o r s .  B i s  t h e  s p h e r e  ( d i a m e t e r  7” ) t h e ^ ^ j ^
i n t e r i o r  o f  w h ic h  w a s  f i r s t  e l e c t r o p l a t e d  w i t h  t i n - n i c k e l ,  t h e n  
p o l i s h e d  a n d  c o a t e d  w i t h  a  s m o k e d -o n  m a g n e s iu m  o x id e  f i l m  w h ic h
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had e f f e c t iv e ly  100 '^ d if fu se  r e f l e c t i v i t y .  In  the cen tre  o f
the sphere i s  a w hite d isc  to  p reven t d i r e c t  illu m in a tio n  from 
reaching  the p h o to -c e ll  D . The p h o to -c e ll  i s  connected to  
a T in sley  moving c o i l  galvanom eter, whose d e f le c tio n s  are a 
measure o f the l i g h t  in te n s i ty  in te g ra te d  on to  i t  by the sphere .
C i s  the specimen ta b le  and E i s  the re c e iv in g  ap ertu re  on  ^
the sphere , fo r  the sp ec u la rly  r e f le c te d  l ig h t  from the su rfa ce s  
o f the specim ens. This sp e c u la rly  r e f le c te d  l ig h t  i s  re ce iv ed  
a t  E, e i th e r  by a magnesium oxide white d isc  which s c a t te r s  i t  
throughout the sphere and thus a measure o f the in te g ra te d  l i g h t  
i s  ob ta ined , or by an e f f i c i e n t  l ig h t  tra p  which ccmtpletely
absorbs i t .  In  th a t  case the sphere then  measures only th a t
l ig h t  which has a lread y  been s c a tte re d  on r e f le c t io n  a t  the 
specimen su rfa c e . These l i g h t  t ra p s  used a t  E are  c a lle d  
th e  f itm e n ts . Thus w ith  such an arrangement two read ings are
r
quick ly  ob ta ined  fo r  the t o t a l  and d if fu se  r e f l e c t i v i t i e s  of 
the su rfaces  p laced  on the a p e rtu re  a t  C. The complete theo ry  
o f the method has been given by Howes (1955) # E xactly  the 
same arrangem ent has been used in  th i s  in v e s t ig a tio n .
D iscussion  o f the  R e s u l ts ;-  The su rface  hardness o f f i r e -  
p o lish ed  and m echanically  p o lish e d  g la s s  su rfa c e s  i s  ob tained  
by using  the fo llow ing  r e la t io n
H, .  ■  ,...................    (1)
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where Wg and are the  w eights of SiC ^dropped on the
re sp e c tiv e  su rfa c e s : and
cuvvéA. 3 ) = (2)
where ^  i s  the r a t i o  of the  sp ecu la rly  r e f le c te d  l ig h t  and
the to t a l  l i g h t .  F u rth e r we have
A _ Vg (D eflec tion  fo r  the p e r fe c t  d if fu s e r )
I V^j (D eflec tion  fo r  the p e r fe c t  r e f le c to r )
1
(D eflec tion  fo r  the d iffu se d  l ig h t)
(D eflec tion  fo r  the sp e c u la r ly  r e f le c te d  lig h tY
from the p e r fe c t  r e f l e c to r .  ^  and V are the d e f le c tio n s  fo r
the d iffu se d  and sp ecu la rly  r e f le c te d  l ig h t  from the specimen.
The r e s u l t s  a re  en te red  in  the ta b le  11.
TABLE 11.
Weight 
o f SiC
P ire P o lish ed
G lass
M echanically 
P o lish ed  G lass Remarks Tfé'
1 __________dropped V ^ L#. W\%< v a . ^ W Hi
150 gm 136 49 136 43 F i r s t  Experiment
100 ” 138 36 820 135 29 855 = .019
50 " 143 22 134 1 3 .4 ^  = .980
150 116 46.5 117 42 2nd Experiment
20 130 9 .5 720 130 8 .5 790 ^  = .026 
= .974
^ 8 ^
t
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T h e  a b o v e  r e s u l t s  f u r t h e r  c o n f i r m  t h e  e x i s t e n c e  o f  
a  p o l i s h  l a y e r .  I t  i s  s e e n  t h a t  t h e  h a r d n e s s  n u m b e r  i s  g r e a t e r  
f o r  t h e  m e c h a n i c a l l y  p o l i s h e d  g l a s s  s u r f a c e  t h a n  t h a t  f o r  t h e  
f i r e - p o l i s h e d  g l a s s .
1 1 . 3 .  C o n c l u s i o n :  T h e  e x p e r i m e n t s '  o f  e t c h i n g  a n d  s u r f a c e  
h a r d n e s s  m e a s u r e m e n t s  c a r r i e d  o u t  o n  t h e  f i r e  p o l i s h e d  a n d  
r a e c l i a n i c a l l y  p o l i s h e d  s u r f a c e s  o f  t h e  p l a t e - g l a s s  c l e a r l y  
i n d i c a t e  t h a t  t h e r e  e x i s t s  a  p o l i s h  l a y e r  w h ic h  h a s  d i f f e r e n t  
p h y s i c a l  p r o p e r t i e s  t h a n  t h e  b u l k .  I t  i s  f o u n d  t h a t  s u c h  a  
l a y e r  i s  m o re  r e s i s t a n t  t o  t h e  a c t i o n  o f  t h e  e t c h a n t  a n d  h a s  a  
g r e a t e r  h a r d n e s s  n u m b e r  a l s o .
11. 4 . P la s t ic  Deform ation In  F.P> and M .P . g la s s ; -  The 
behaviour of the  g la s s  under diamond pyramid i s  o f much in t e r e s t .  
The p l a s t i c  behaviour o f b r i t t l e  m a te r ia ls  (ïïra. Crookes, 1909) 
has been dem onstrated by m icrohardness t e s t s  by Hanoraan, 
B ernhard t, and Knoop. A fu r th e r  con firm ation  i s  due to  
T aylor (1949) who has shown the ex is ten ce  o f p la s t i c  flow  in  
the o p t ic a l  g la s s e s . In  any p la s t i c  substance these  im press­
ions should take the form o f in v e rted  hollow pyramids w ith  a 
square b ase , b u t i t  i s  a cu rio u s f a c t  th a t  the diamond 
im pression  assumes a p in -cu sh io n  ra th e r  than  a square form 
(P ig. 130 a , b ) .  I t  i s  in te r e s t in g  to  note th a t  the len g th  o f 
the c racks proceeding from the co m ers  of these  im pressions, 
in  the case o f f i r e  p o lish e d  g la ss  i s  l e s s  than  th a t  f o r  the 
mechanicsCLly p o lish ed  g la s s .  A ll the d isp laced  m a te r ia l  p i l e s
in»%^
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up round the s id e s  of the in d e n ta tio n  as shown in  the p ic tu re  
o f the f r in g e s  o f equal chrom atic o rder (P ig .131 a ,h )  fo r  
these  g la s s  su rfa c e s . The n a tu re  and the e x te n t of p i l in g  up 
are  d iscussed  in  the schem atic diagrams f ig .  132 (a ,h ) and 
a lso  shown in  the h igh  m ag n ifica tio n  in te rfe rog ram s f ig .  133 
(a , h ) .  I t  i s  in te r e s t in g  to  note th a t  the p i l in g  up i s  
spread over a la rg e r  area  in  the case of f i r e -p o l is h e d  su rfa ce .
The d is to r t io n  ex tends up to  a d is tan ce  th ree  tim es the w idth  
o f the in d e n ta tio n  in  the case of m echanically p o lish ed  g la s s  
and fo u r tim es the w idth of the  in d en ta tio n  fo r  the  f i r e -  
p o lish ed  g la s s .
In  a d d itio n  to  the above experim ent c a r r ie d  out under 
s t a t i c  lo ad s , the o th e rs  are made by drawing the diamond pyramid * 
ac ro ss the su rfa c e s  of the  f i r e -p o l is h e d  and m echanically  
p o lish ed  g la s s  under a given load  to  produce a furrow . These 
furrow s are  made under the lo ad s  o f 50 , 20, and 10 gms. The 
problem as to  what happens to  the d isp laced  g la s s  under the 
t r a v e l l in g  diamond i s  s tu d ied  through the in te rfe re n c e  f r in g e s  
( Hg. 5461 &). The r e s u l t s  (P ig . 134 a , b) show th a t  the . 
m a te r ia l d isp laced  forms r id g e s  along the furrow s.
rl i e
C H A PTER  X II.
e t c h h t g  o f  f u s e d  s i l i c [A| .
The work h i th e r to  described  d e a ls  w ith  the  e tch in g  
o f c r y s ta l l in e  s i l i c a  and some o p tic a l  g la s se s  whose r a te  of 
e tch in g  i s  c h ie f ly  determ ined by the  s i l i c a  c o n ten ts . * In the 
case of c r y s ta l l in e  s i l i c a  e tch in g  was c a r r ie d  out w ith  NaOH 
whereas the  e tch in g  of g la s se s  was done w ith  HP ac id  vapour.
I t  was of in te r e s t  from the coinparative view point to  study the 
e tch in g  of fused  s i l i c a  bo th  employing HP ac id  as w e ll as NaOH. 
This work to  be d esc rib ed  was expected to  throw a good d ea l of 
l i g h t  on the mechanism o f e tch in g  no t only of fused  s i l i c a  bu t 
o f c r y s ta l l in e  s i l i c a  and s i l i c a t e  g la s se s  a lso .
12 .1 . E tch ing  w ith  NaOH. The e tch in g  of fused  s i l i c a  
i s  done u sing  ( l)  d i lu te  so lu tio n  o f NaOH a t  a tem perature of 
160 ±  5°0 and (2) fused  NaOH a t  a tem perature of 200°G. The 
r e s u l t s  employing these  two methods, d i f f e r  in  degree r a th e r  
than  k ind . Thus, employing d i lu te  s o lu tio n , the p r e f e r e n t ia l  
a t ta c k  i s  r e la t iv e ly  more marked whereas in  the case of NaOH, 
gen era l a t ta c k  on the su rface  i s  pronounced. The e tch in g  c a r r ie d
I
out w ith  HP ac id  i s  q u ite  d i s t in c t .
The g en e ra l su rface  o f the fu sed  s i l i c a  p la te s  i s  
p i t t e d ,  the depth of the p i t s  correeponds roughly to  about 
100 A (F ig . 135) These p i t s  a re  a tta ck e d  f i r s t  by th e  e tch a n t 
( d i l .  s o lu tio n  of NaOH) as i s  indeed to  be expected since  they 
o f f e r  a g re a te r  su rface  a re a . Thus in  f ig .  136 one can see
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d i s t in c t  and q u ite  deep e tc h  p i t s  developed h u t the  general 
su rface  i s  q u ite  u n a ffec ted . The su rface  sc ra tc h e s  here a lso  
a re  etched  p r e f e r e n t ia l ly  as a lread y  observed in  the e tch in g  o f 
q u a rtz  and o p t ic a l  g la s s e s . L a te r e tch in g  makes these  p i t s  
n e a rly  h em ispherica l, f i g . 137# T his abundantly re v e a ls  the’, 
iso tro p y  o f the m a te r ia l .  The dep ths of these  hem ispherica l 
p i t s  v a r ie s  w ith in  wide l im i ts  (1 /^  to  2 ^  )• In  the advanced 
s ta g e s  o f e tc h in g , g en e ra l su rface  i s  also* a tta c k e d , which then  
becomes h igh ly  m att. The su rface  u n d u la tio n s  ( f ig .  138 a , b) 
correspond to  about 350 X, b u t the depth  o f the  d is c re te  e tc h
p i t s  i s  about 3 (P ig . 139)
The e tch in g  o f fused  s i l i c a  by fused  NaOH i s  revea led  
by th e  g en era l a t ta c k  on the su rface  a f t e r  about 30’ befo re  
which th e re  i s  h ard ly  any e f f e c t  o f the  e tc h a n t. This g e n e ra l 
a t ta c k  on the su rface  o f fused  s i l i c a  i s  rev ea led  by the micro­
graphs (P ig .140 a ; b) when e tched  fo r  60’ and 90’ re sp e c tiv e ly .
1 2 .2 . Conclusion. This apparen t d iscrepancy  suggests th a t
tÇ jL  V4cU> ' " T ^  -(‘R-t - Cvv'CL'V
> d i^ r d e r  can be formed by e tch in g  w ith  d i lu te  so lu tio n . Morer 
o ver, th i s  su g g ests  th a t  each a rea  on the su rface  i s  as i t  were 
a s so c ia te d  w ith  a s o r t  o f th re sh o ld  chemical p o te n t ia l .  The 
h ig h er the c o n c e n tra tio n , the g re a te r  i s  the p ro b a b il i ty  of 
e tch in g  co n d itio n s  to  be s a t i s f i e d  over a la rg e r  a re a . C o n v e rse ly ,‘ 
w ith  d i lu te  so lu tio n  (e tc h a n t) , i t  i s  only c e r ta in  a rea s  which M
Iare  e a s i ly  a s s a i la b le .
In  comparison w ith  the e tch in g  of q u artz  the fused
' / t  a
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s i l i o a  e tch e s  r e la t iv e ly  re a d i ly . This i s  perhaps due to  the 
f a c t  th a t  the fu sed  s i l i c a  i s  in  amorphous s ta te  w ith  weak 
cohesive fo rc e s .
12.3* E tch ing  w ith  HP ac id  Vapour; The e tch in g  o f fused  
s i l i c a  by HP ac id  vapour of a c e r ta in  co n cen tra tio n  i s  c a r r ie d  
out a t  room tem pera tu res. The most s ig n if ic a n t  p o in t of 
d if fe re n c e  between t h i s  e tch in g  and the  e tch in g  by NaOH i s  
th a t  in  the e tch in g  by HP ac id  vapour f in e  cracks are  rev ea led  
as shown in  f i g .  141, whereas in  the case o f e tch in g  by NaOH, 
hem ispherica l c a v i t ie s  are formed. These cracks do no t seem 
to  be in te r s e c t in g  one ano ther and give an appearance of 
G r i f f i th  c rack s . These can be thought of as a r e s u l t  o f 
inhomogeneity in  the mixing up of s i l i c a .
Pigs.(jL42j(j- l45j)show m ultip le-beam  P izeau  f r in g e s  
over the  e tched  a rea  showing the dep th  and na tu re  of the e tch in g  
a f t e r  1 0 ',  1 5 ',  30' and 90' o f e tch in g  re sp e c tiv e ly . The 
corresponding g en era l su rfa ce s  in  the above cases are  a lso  
shown in  the m icrographs (P igs. 1 4 2 l45jL* I t  may be r e a l is e d  
th a t  the depth  of e tc h in g  to  s t a r t  w ith  i s  no t much b u t once 
the a t ta c k  tak es  p la c e , the ra te  o f e tch in g  in c re a se s  very 
ra p id ly . In  the above fo u r cases the depth  v a r ia t io n s  o f the 
e tched  su rfa ces  in  comparison w ith  the  g en era l su rface  are  o f 
the o rder o f . 5 ^  , 1 ^ , 6 ^ ,  and 15 ^  re sp e c tiv e ly . ^
\
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